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Lalooratory  tests  were  conducted  on  rock  core  samples  received 
frcm  six  core  holes  in  the  Pease  study  area  of  Belknap,  Cheshire, 
Grafton,  sind  Merrimack  Co\mties  in  New  Hampshire.  Results  were  used 
to  determine  the  quality  and  uniformity  of  the  rock  to  depths  of 
200  feet  below  ground  surface. 

The  rock  core  was  petrographically  identified  as  predominately 
mica  gneiss,  mica  schist,  dacite,  granite  gneiss,  and  muscovite 
granodiorite,  with  relatively  minor  quantities  of  tonalite,  granodi- 
orite  gneiss,  and  basaltic  material. 

Evaluation  of  the  Pease  study  area  core  on  a hole-to-hole  basis 
indicates  the  moderately  fractured  and  intact  dacite  removed  from 
Hole  PZ-CR-36  to  be  very  competent  rock.  The  highly  fractxired  core, 
removed  at  depths  of  ko  feet  or  less  below  ground  surface,  was  mar- 
ginal in  quality.  Generally,  this  hole  yielded  material  represen|ba- 
tive  of  competent,  hard  rock  media. 

The  remainder  of  the  holes  from  this  area,  i.e.,  PZ-CR-2,  -11, 
-23,  -25,  and  -34,  generally  yielded  rock  core  exhibiting  physical 
properties  characteristic  of  marginal  to  barely  competent  material. 
Holes  PZ-CR-11,  -23,  and  -34  yielded  incomi)etent  core  from  depths 
greater  than  50  feet  below  ground  surface,  dictating  classification 
of  the  core  as  unsuitable  as  competent  media.  Holes  PZ-CR-2  and 


-?0  yielded  significant,  quantities  of  rock  of  marginal  quality,  l.ut, 
dependent  on  results  of  possible  further  investigation,  could  offer 
sane  possibility  as  canpetent  hard  rock  media. 

The  above  evaluations  and  conclusions  have  been  based  on  scme- 
what  limited  data;  therefore,  more  extensive  investigation  will  be 
required  in  order  to  accurately  assess  the  individual  areas  under 


consideration. 


PREFACE 
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ship of  the  U.  S.  Air  Force  Space  and  Missile  Systems  Organization 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUHl'MCN'J' 


British  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  units  as  follows. 


Multiply 

By 

To  Obtain 

inches 

2.'yh 

centimeters 

feel. 

O.30U8 

meters 

miles  (U.  S.  statute) 

1.6093)0+ 

kiloneters 

feet  per  second 

0.30h8 

meters  per  second 

pounds 

O.U5359237 

kilograms 

pounds  per  square  inch 

0.070307 

6,894.757 

kilograms  (force)  per  square 
centimeter 

newtons  per  square  meter 

CHAPTER  1 


INTRODUCTION 


1.1  BACKGROUND 

The  purpose  of  this  study  was  to  supplement  the  information 
being  obtained  for  the  area  evaluation  study  by  the  U.  S.  Air  Force 
Space  and  Missile  Systems  Organization  (SAMSO) . It  was  necessary  to 
determine  the  individual  properties  of  the  specific  materials  for  an 
analysis  of  the  quality  and  \iniformity  of  the  rock.  Results  of  tests 
on  cores  frcm  the  Pease  study  area  of  Belknap,  Cheshire,  Grafton,  and 
Merrimack  Counties  xn  New  Hampshire  are  reported  herein. 

1.2  OBJECTIVE 

The  objective  of  this  investigation  was  to  conduct  laboratory 
tests  on  samples  from  areas  containing  hard,  near-surface  rock  to 
determine  the  integrity  and  the  mechanical  behavior  of  the  materials 
as  completely  as  possible,  analyze  the  data  thus  obtained,  and  report 
the  results  to  appropriate  parties. 

1.3  SCOPE 

Laboratory  tests  were  conducted  on  samples  received  from  the 
field  as  indicated  in  the  following  paragraph.  Table  1.1  gives  per- 
tinent infomation  on  the  various  tests. 

Tests  were,  conducted  to  determine  the  general  quality. 


uniformity,  and  integrity  of  the  rock  in  the  area.  The  following 
properties  were  determined:  (l)  relative  hardness  (Schmidt  number), 

(2)  specific  gravity,  (3)  ultimate  uniaxial  compressive  strength,  and 
(U)  dynamic  elastic  properties.  Additional  tests  conducted  (l)  to 
evaluate  the  degree  of  anisotropy  of  the  sampled  rock  and  (2)  to  con- 
pare  direct  and  indirect  tensile  strengths  of  the  various  types  pres- 
ent were:  (l)  dynamic  elastic  properties  along  three  mutually  per- 

pendicular axes  and  (2)  direct  and  Brazilian  tensile  tests.  A lim- 
ited petrographic  examination  was  also  conducted. 

1.4  SAMPLES 

Samples  were  received  frcm  six  holes  in  the  Pease  study  area 
designated  as  PZ-CR-2,  -11,  -23,  -25,  -3^j  and  -36.  All  samples  were 
NX-size  cores  (ncaninal  2-l/8-inch^  diameter).  Test  specimens  of  the 
required  dimensions,  as  given  in  Table  1.1,  were  prepared  for  the  in- 
dividual tests.  Quality  and  uniformity  tests  were  conducted  on  se- 
lected specijnens  from  all  holes.  Special  tests  were  conducted  on 
specimens  selected  frcm  the  various  core  holes  to  represent  differ- 
ences in  rock  type,  weathering,  etc. 


A table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  8. 
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1.5  REPORT  REQUIREMENTS 


The  immediate  need  for  the  test  results  required  that  data  re- 
ports be  compiled  and  forwarded  to  responsible  parties  as  work  was 
completed  on  each  hole.  The  data  reports  of  the  individual  test  re- 
sults are  included  herein  as  Appendixes  A through  F. 
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Anisotropy  1 diameter  by  Pulse  generator,  Oscilloscope  Car.pressional  and  Young's,  shear,  and 

1 diameter  amplifiers  shear  velocities  bulk  moduli  and 

in  three-orthogonal  Poisson's  ra^io 
directions 


CHAPTER  2 


TEST  METHODS 


2.1  SCHMIDT  NUMBER 

The  Schmidt  number  is  a measure  of  the  relative  degree  of  hard- 
ness as  determined  by  the  degree  of  rebound  of  a small  mass  propelled 
against  a test  siorface.  The  test  was  conducted  as  suggested  in  Ref- 
erence 1 (a  Swiss-made  hammer  was  used)  except  that  8 to  12  readings 
per  specimen  were  made.  The  average  of  these  readings  is  the  Schmidt 
number  or  relative  hardness.  The  hardness  is  often  taken  as  an  ap- 
proximation of  rock  quality,  and  may  be  correlated  with  other  physi- 
cal characteristics  such  as  strength,  density,  and  modulus. 

2.2  SPECIFIC  GRAVITY 

The  specific  gravity  of  the  "as-received"  samples  was  determined 
by  the  loss  of  weight  method  conducted  according  to  method  CRD-C  107 
(Reference  2).  A pycnometer  is  utilized  to  determine  the  loss  of 
weight  of  the  sample  upon  submergence.  The  specific  gravity  is  equal 
to  the  weight  in  air  divided  by  the  loss  of  weight  in  water. 

2.3  INDIRECT  TENSION 

The  tensile  strength  was  determined  by  the  indirect  method,  ccm- 
monly  referred  to  as  the  tensile  splitting  or  Brazilian  method,  in 
which  a tensile  failure  stress  is  induced  in  a cylindrical  test 


specimen  by  a compressive  force  applied  on  two  diametrically  opposite 
line  elements  of  the  cylindrical  surface.  The  test  was  conducted  ac- 
cording to  method  CRD-C  77  (Reference  ?) . 


( 


2.4  DIRECT  TENSION 

For  purposes  of  comparison,  specimens  were  prepared  and  tested 
foi'  tensile  streng.th  according  to  the  American  Society  for  Testing 
and  Materials  (ASTM)  proposed  "Standard  Method  of  Test  for  Direct 

) 

I Tensile  Strength  of  Rock  Core  Specimens."  Tensile  splitting  tests 

I 

were  conducted  on  specimens  cut  adjacent  to  the  direct  tensile  test 
‘ , specimens. 

For  the  direct  tension  tests,  the  specimens  were  right  circular 


cylinders,  the  sides  of  which  were  straight  to  within  0.01  inch  over 


the  full  length  of  the  specimen  and  the  ends  of  which  were  parallel 
and  not  departing  frcm  perpendicularity  to  the  axis  of  the  specimen 
by  more  than  0.25  degree.  Cylindrical  metal  caps  were  cemented  to 
the  ends  of  the  specimen  and  provided  the  means  for  applying';  the  di- 
rect tensile  load.  The  load  was  applied  continuously  by  a 30,000- 
pound-capacity  universal  testing  machine  and  at  a constant  i-ate  such 
that  failure  occurred  within  5 to  15  minutes. 

2.5  COfvIPRESSIVE  STRENGTH  TESTS 


test  for  triaxial  strength  of  undrained  rock  core  specimens,  CRD-C  14? 
(Reference  2).  Essentially,  the  specimens  were  cut  with  a diamond 
blade  saw,  and  the  cut  surfaces  were  ground  to  a tolerance  of  0.001 
inch  across  any  diameter  with  a surface  grinder  prior  to  testing. 
Electrical  resistance  strain  gages  were  utilized  for  strain  measure- 
ments, two  each  in  the  axial  (vertical)  and  horizontal  (diametral) 
directions.  Static  Young's,  bulk,  shear,  and  constrained  moduli  were 


ccmputed  fron  strain  measurements.  Stress  was  applied  with  a 440,000- 
po\ind-capacity  universal  testing  machine. 

2.6  DYNAMIC  ELASTIC  PROPERTIES 

Ccmpressional  and  shear  wave  velocities,  bulk,  shear,  and 
Young's  moduli,  and  Poisson's  ratio  were  determined  by  the  ASTK  pro- 
posed "Standard  Method  of  Test  for  Laboratory  Determination  of  Ultra- 
sonic Pulse  Velocities  and  Elastic  Constsuits  of  Rock."  The  method 
consisted  essentially  of  generating  a wave  in  the  specimen  with  a 
pulse  generator  unit  and  measuring,  with  an  oscilloscope,  the  time 
required  for  the  ccmpression  and  shear  waves  to  travel  the  length  of 
the  specimen,  the  resulting  wave  velocity  being  the  distance  traveled 
divided  by  the  travel  time.  These  compressive  and  shear  velocities, 
along  with  the  bulk  density  of  the  specimen,  were  used  to  compute  the 
elastic  properties. 

In  the  case  of  the  special  tests  used  to  determine  the  degree  of 

♦ ■' 


anisotropy  of  the  samples,  ccmpression  and  shear  velocities  were 
measured  along  two  mutually  perpendicular,  diametrical  (lateral)  axes 
and  along  the  longitudinal  axis.  This  was  facilitated  by  grinding 
four  1/2- inch-wide  strips  down  the  sides  of  the  cylindrical  surface 
at  90-degree  singles  and  generating  the  ccmpressive  and  shear  waves 
perpendicular  to  these  ground  surfaces. 

2.7  PETROGRAPHIC  EX.IMINATION 

A limited  petrographic  examination  was  conducted  on  samples 
selected  to  be  representative  of  the  material  from  the  several  holes. 
The  examination  was  limited  to  identifying  the  rock,  determining  gen- 
eral condition,  identifying  mineralogical  constituents,  and  noting 
any  unusual  characteristics  which  may  have  influenced  the  test 
results . 


CHAPTER  3 


RESULTS  OF  QUALITY  AND  UNIFORMITY  TESTS 
3.1  TESTS  UTILIZED 

As  with  testing  and  data  analysis  of  core  from  study  areas  pre- 
viously evaluated,^  the  following  physical  properties  were  used  in 
evaluating  the  quality  and  uniformity  of  the  Pease  core:  Schmidt 

niunher,  specific  graArlty,  ultimate  uniaxial  compressive  strength, 
and  conpressional  wave  velocity.  Dynamic  elastic  constants  were 
determined  for  selected  representati,ve  specimens  and  results  were 
compared  with  static  elastic  constants  determined  for  these  same 
specimens.  Static  moduli  were  based  on  a Poisson's  ratio  and  tan- 
gent modulus  of  elasticity  computed  at  50  percent  of  ultimate  vini- 
axial  compressive  strength. 

The  core  received  from  the  Pease  study  area  was  quite  varied  in 
composition,  comprised  of  five  principal  rock  types:  (1)  mica 

gneiss,  (2)  mica  schist,  (3)  dacite,  (4)  granite  gneiss,  and  (5) 
muscovite  granodiorite.  Relatively  insignificant  quantities  of  other 
rock  types  (tonalite,  granodiorite  gneiss,  and  basaltic  material) 
were  also  received  from  the  area.  Differences  in  ultimate  uniaxial 


A list  of  associated  reports  is  given  on  the  inside  front  cover  of 
this  report. 
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compressive  strength  appear  to  have  arisen  frcwi  variation  in  rock 
type  coupled  with  variation  in  nature,  number,  and  inclination  of 
fractures  present  in  the  individual  specimens. 

To  facilitate  analysis,  data  were  generally  grouped  according  to 
rock  type,  and,  where  applicable,  these  general  groupings  were  sub- 
divided according  to  physical  conditions  as  defined  below: 

1.  Intact  rock  core,  which  was  macroscopically  free  of  joints, 
seams,  vesicles,  and/or  fractures. 

2.  Moderately  fractiured  rock  core  containing  horizontally  or 
vertically  oriented  fractures. 

3.  Critically  to  highly  fractured  rock  core  containing  well- 
developed  systems  of  fracture,  or  critically  oriented  fractures,  i.e., 
fractures  inclined  with  respect  to  the  horizontal  at  angles  so  as  to 
result  in  the  developnent  of  shearing  stresses  of  failure  magnitude 
when  the  specimen  is  subjected  to  relatively  low  axial  stress. 

4.  Rock  containing  vesicles. 

Detailed  physical  test  results  are  presented  in  Appendixes  A 
through  F;  simmaries  of  the  results  are  tabulated  in  the  various  sec- 
tions of  this  chapter. 

3.2  MICA  GNEISS 

All  of  the  rock  specimens  received  from  Hole  PZ-CR-2,  and  por- 
tions of  those  received  fron  Holes  PZ-CR-11  and  -34,  were 


petrographically  identified  as  mica  gneiss.  Relatively  few  specimens 
contained  fractures,  the  majority  of  the  core  being  intact.  One  spec- 
imen tested  contained  a biotite  inclusion. 

A summary  of  the  test  results  is  given  below.  Detailed  results 
are  given  in  Appendixes  A,  B,  and  E. 


Hole  No. 

Specimen 

No. 

Specific 

Gravity 

Schmidt 

No. 

in  timate 
Uniaxial 
Compressive 
Strength 

Compressional  Core  Description 

Wave  Velocity 

psl 

fps 

K-CR-2 

s 

2.72 

W+.2 

10,710 

10,840 

Intact 

7 

2.73 

39.6 

12,400 

10,360 

Intact 

8 

2.72 

‘*3.5 

13,460 

11,220 

Intact 

11 

2.73 

1*1,8 

14,870 

10,090 

Intact 

15 

2.71 

35.8 

14,480 

9,910 

Moderately  fractured 

16 

2.7h 

1*0.0 

8,450 

10,830 

Intact 

17 

2.72 

— 

10,450 

10,100 

Moderately  fractured 

19 

2.73 

1*1.2 

12,300 

10,160 

Intact 

22 

2.73 

39.6 

9,760 

9,660 

Contained  biotite 

Inclusion 

PZ-CR-11 

3 

2.83 

1*1*,2 

11,970 

16,500 

Intact 

8 

2.85 

41.3 

10,580 

17,170 

Critically  oriented 

fracture 

12 

2.81 

40.7 

10,230 

15,680 

Intact 

13 

2.73 

42.4 

19,030 

16,400 

Intact 

15 

2.89 

44.4 

17,330 

18,480 

Intact 

19 

2.97 

47.2 

17,390 

20,540 

Intact 

21 

2.90 

44.9 

23,030 

19,520 

Intact 

PZ-CR-3^ 

9 

2.71 

21,770 

14,960 

Intact 

21 

2.82 

43.6 

11,640 

15,880 

Intact 

Average  2.78 

42.3 

13,880 

13,790 

Physical  properties  exhibited  by  the  fractured  specimens  ap- 
peared to  be  only  slightly,  if  at  all,  affected  by  the  presence  of 
fractures,  as  these  test  results  were  generally  comparable  to  those 
of  the  intact  mica  gneiss  from  the  same  core  holes. 


iJltimate  uniaxial  compressive  strengths  were  somewhat  variable, 
ranging  from  approximately  8,500  to  23,000  psi.  The  ultimate  com- 
pressive strengths  yielded  by  specimens  from  Ifole  PZ-CR-2  were  gen- 
erally lower  than  those  exhibited  by  the  mica  gneisses  from  the  other 
two  holes.  These  lower  strengths  were  probably  due  to  the  very  well- 
developed  foliation  coupled  with  the  high  degree  of  mineral  segrega- 
tion (see  Figure  4,5)  characteristic  of  the  FZ-CR-2  gneisses. 

Compressional  wave  velocities  were  also  rather  variable,  ranging 
from  approximately  10,000  to  20,000  fps.  Expectedly,  the  higher  ve- 
locities were  generally  exhibited  by  the  stronger  specimens.  The  un- 
usually low  velocities  exhibited  by  the  core  from  Hole  FZ-CR-2  prob- 
ably resulted  from  the  same  physical  characteristics  discussed  in  the 
immediately  preceding  paragraph,  the  foliation  and  mineral  segrega- 
tion resulting  in  longer  paths  of  travel  and  travel  times. 

Dynamic  elastic  constants  determined  for  the  well-foliated  mica 
gneiss  from  Hole  FZ-CR-2  were,  due  to  the  low  compressional  wave  ve- 
locities measured,  very  low,  but  they  were  quite  uniform. 

Dynamic  elastic  constants  determined  for  the  poorly  foliated 
mica  gneisses  from  Holes  FZ-CR-11  and  -34  were  considerably  higher. 
Overall,  the  dynamic  elastic  constant.s  correlated  rather  well  with 
the  variations  in  ultimate  uniaxial  compressive  strength  and  compres- 
sional wave  velocity  previously  discussed. 

As  indicated  in  the  following  tabulation,  static  elastic 


constants  were  generally  scmewhat  lower  them  their  corresponding  dy- 
namic values. 


Hole  No. 

Spec  Imen 
No. 

Modulus 

Shear 

Velocity 

Poisson's 

Ratio 

Young's 

Bulk 

Shear 

10^  psi 

10^  psi 

6 

10  psi 

f^s 

Dynamic  Tests: 

PZ-CR-2 

5 

4.2 

1.8 

1.8 

7,105 

0.12 

7 

3.6 

2.0 

1.5 

6,360 

0.20 

8 

4.4 

2.1 

1.9 

7,170 

0.15 

11 

3.7 

1.4 

1.7 

6,835 

0.08 

15 

3.6 

1.4 

1.6 

6,710 

0.08 

16 

4.0 

2.1 

1.7 

6,780 

0.18 

17 

3.0 

2.2 

1.2 

5,625 

0.27 

19 

3.7 

1.6 

1.7 

6,730 

0.11 

22 

2.7 

2.0 

1.0 

5,340 

0.28 

PZ-CR-11 

3 

8.2 

6.1 

3.2 

9,140 

0.28 

8 

8.1 

7.2 

3.1 

8,980 

0.31 

15 

8.0 

9.4 

2.9 

8,675 

0.36 

19 

13.5 

9.8 

5.3 

11,515 

0.27 

21 

12.0 

8.6 

4.8 

11,035 

0.27 

pz-cr-34 

9 

7.0 

4.4 

2.9 

8,815 

0.23 

21 

8.1 

5.3 

3.2 

9,225 

0.25 

Static  Tests: 

PZ-CR-2 

5 

3.8 

1.9 

1.7 

• • 

0.16 

15 

4.1 

2.2 

1.7 

— 

0.19 

16 

2.6 

2.2 

1.1 

— 

0.15 

PZ-CR-11 

8 

7.1 

3.4 

3.1 

-- 

0.15 

PZ-CR-3I+ 

21 

5.3 

2.2 

2.4 

— 

0.09 

21 


li 


Cyclic  stress-strain  curves  determined  for  several  specimens  I 

revealed  the  majority  of  the  mica  gneiss  so  tested  to  be  somewhat  in-  | 

elastic,  frequently  exhibiting  considerable  hysteresis  and  residual  i 

1 

strain.  j 

3.3  MICA  SCHIST  i 

A portion  of  the  core  received  from  Holes  PZ-CR-11  and  -3^  was  | 

ii 


petrographically  identified  as  mica  schist,  this  rock  type  being  basi- 

* cally  the  same  as  the  mica  gneiss  previously  discussed  with  some  dif- 

1 

I 

ferences  in  structure  and  texture.  Three  of  the  specimens  tested 


contained  pe©natite  bands.  Several  specimens  contained  fractures 


Two  of  the  specimens  tested  from  Hole  PZ-CR-11  were  vesicular 


A tabulation  of  physical  test  results  is  given  below.  Detailed 


Specimen  Specific 

No.  tiravity 


Schmidt 

No. 


Ultimate 

Uniaxial 

Ccmpressive 

Strength 


Car.pressional 
Wave  Velocity 


Core  Description 


MtKlerately  ft*«cfured 
aligiiMy  weathered 
Contained  pe^^matite 
bond 

Contained  pe^atite 

band 

Intact 

Intact 

Intact 

Contaitied  pe^-Tnatite 

band 

Intact 


'esults  of  physical  tests  on  two  vesicular  specimens  were  not  included  in  the  average 


Ultimate  uniaxial  compressive  strengths  yielded  by  the  mica 
schist  from  this  area  were,  on  the  average,  slightly  higher  than 
those  determined  for  the  mica  gneisses  previously  discussed.  This 
generality  was  not  true  of  the  two  vesicular  specimens  from  Hole 
PZ-CR-11,  which  were  quite  weaJt,  probably  due  to  a combination  of 
vesicles  and  very  strong  (U5-degree)  foliation  (see  Figure  3»l). 

Ccmpressional  wave  velocities  determined  for  the  mica  schist 
were  rather  low,  similar  to  those  exhibited  by  the  mica  gneiss. 

As  indicated  in  the  tabulation  below,  elastic  constants  deter- 
mined for  this  portion  of  the  core  were  quite  variable,  the  values  of 


a particular  constant  ranging  widely  for  the  various  specimens  tested. 


Hole  No. 

Specimen 

Modulus 

Shear 

Velocity 

Poisson 

Ratio 

Young'a 

Built 

Shear 

10^  pal 

10^  pal 

10^  pal 

fps 

Dynamic  Testa: 

PZ-CR-11 

u 

11.1 

0.7 

4.3 

10,455 

0.?9 

1^1 

7.4 

5.0 

2.9 

0.2^ 

l6 

3.0 

l.l 

l.U 

6,330 

0.06 

PZ-CR-3U 

3 

7.7 

6.7 

3.0 

9.020 

0.31 

u 

3.7 

2.0 

1.6 

6,505 

0.19 

7 

5.3 

3.4 

2.1 

7,755 

9,000 

0.?4 

11 

7.3 

4.3 

3.0 

0.?1 

lU 

5.5 

3.1 

2.3 

7,925 

0.21 

15 

5.0 

?.6 

2.1 

7,755 

0.10 

18 

6.7 

l.U 

4.7 

11,350 

-.n 

25 

10. u 

3.7 

5.0 

ll,6li0 

..a 

Static  Tests: 

PZ-CR-11 

16 

l.P 

0.6 

O,*) 

- 

0.14 

PZ-CK-3'* 

25 

7.4 

5.7 

3.0 

-- 

O.?0 

® Due  to  the  unueuelly  high  shear  velocity  to  conpresslonal  wave  velocity  ratio,  Polsaon'a  ratio  for 
these  specimens  could  not  be  reliably  determined. 


The  rather  wide  range  in  value  of  the  various  dynamic  elastic 
constants  determined  was  probably  due  to  variation  in  extent  of 


foliation  and  angle  of  inclination  of  this  foliation  with  respect  to 
the  horizontal,  coupled  with  variation  in  the  garnet  content  of  the 
specimens ‘from  Hole  PZ-CR-11. 


The  mica  schist  specimens  subjected  to  cyclic  compression  tests 
yielded  stress-strain  curves  which  were  characteristic  of  relatively 
inelastic  materials,  exhibiting  considerable  hysteresis  and  residual 
strain. 


3.4  MUSCOVITE  GRANODIORITE 

The  entire  core  received  from  Hole  PZ-CR-25  was  petrographically 
identified  as  muscovite  granodiorite.  The  core  from  the  upper  por- 
tion of  the  hole  was  slightly  weathered.  The  majority  of  the  core 
was  intact. 

A sTommary  of  the  test  results  is  given  below.  Detailed  results 
are  given  in  Appendix  D. 


Hole  No.  Specimen  Specific  Schmidt  Ultimate  Compress ional  Core  Description 

No.  Gravity  No.  Uniaxial  Wave  Velocity 

Con^jressive 

Strength 


The  ultimate  uniaxial  conpressive  strengths  exhibited  by  this  mate- 
rial were  relatively  uniform,  but  rather  low,  ranging  from  8,820  to 
15,450  psi.  Generally,  the  weaker  specimens  were  either  slightly 
weathered  or  contained  fractures;  two  of  the  weaker  specimens  tested, 
however,  were  intact. 

Ccanpressional  wave  velocities  determined  for  the  muscovite 
granodiorite  were  also  rather  uniform,  but  very  low.  These  excep- 
tionally low  velocities,  originally  determined  by  the  ASTM  proposed 
"Standeird  Method  of  Test  for  Determination  of  Ultrasonic  Pulse  Veloc- 
ities and  Elastic  Constants  of  Rock"  and  then  verified  by  the  reso- 
nant frequency  method,  were  probably  due  to  the  very  high  mica  con- 
tent indicated  by  the  petrographic  analysis. 

Specific  gravities  yielded  by  the  muscovite  granodiorite  speci- 
mens were  unusually  uniform  and  ranged  only  from  2.64  to  2.65  for  the 
10  specimens  tested  over  the  full  200- foot  range  in  core  hole  depth. 

As  indicated  in  the  tabulation  below,  elastic  constants  deter- 
mined for  this  material  were  also  very  low,  but  uniform. 


Hole  No. 

Specimen 

Modulus 

Shear 

Velocity 

Poisson's 

Ratio 

liO  • 

Young's  Bulk 

Shear 

Dynamic 

Tests: 

10^  psi  10^  psi 

10^  psi 

fps 

PZ-CR-25 

1 

3.8  2.4 

1.5 

6,525 

0.24 

2 

3.0  1.4 

(Continued) 

1.3 

6,115 

0.13 
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Hole  No.  Specimen 

No. 

Modulus 

Shear 

Velocity 

Poisson's 

Young ' s 

Bulk 

Shear 

Aa  LxO 

10^  psi 

10^  psi 

10^  psi 

fps 

Dynamic  Tests : 
(Continued) 

PZ-CR-25  5 

2.2 

1.1 

0.9 

5,115 

0.16 

(Continued)  8 

2.0 

1.0 

0.9 

4,910 

0.16 

11 

2.5 

0.8 

' 1.3 

5,985 

__a 

13 

3.2 

1.8 

1.3 

6,l40 

0.20 

15 

3.7 

2.0 

1.6 

6,655 

0.19 

18 

2.8 

1.2 

1.2 

5,900 

0.11 

21 

2.8 

1.1 

1.3 

6,105 

0.07 

23 

3.5 

1.5 

1.6 

6,670 

0.11 

Average 

3.0 

1.4 

1.3 

6,010 

0.15 

Static  Tests; 

PZ-CR-25  2 

2.9 

2.2 

1.1 

_ 

0.28 

13 

3.^ 

1.5 

1.5 

— 

0.12 

21 

4.5 

2.5 

1.9 

— 

0.20 

Average 

3.6 

2.1 

1.5 

— 

0.20 

Due  to  the  unusually  large  shear  velocity  to  compressional 
velocity  ratio,  the  dynamic  Poisson's  ratio  for  this  speci- 
men could  not  be  accurately  determined. 


For  those  specimens  on  which  both  tests  were  conducted,  static  elas- 
tic constants  were  of  the  same  approximate  magnitude  as  their  cor- 
responding dynamic  values. 

Stress-strain  curves  revealed  the  muscovite  granodiorite  to  be  a 
relatively  inelastic  material  which  exhibited  substantial  hysteresis 
and  residual  strain  upon  cycling. 
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3 . 5 DACITE  PORPHYRY 

The  majority  of  the  core  received  frcm  Hole  PZ-CR-36  was  petro- 
graphically  identified  as  dacite  porphyry;  Specimens  1,  2,  and  3 were 
identified  as  black  and  white  tonalite.  Several  specimens  contained 
fractures;  one  was  severely  fractured. 


A summary  of  the  physical  test  results  is  given  below.  Detailed 
results  are  given  in  Appendix  F. 


Hole  No.  Speci- 
men 
No. 

Spe- 

cific 

Gravity 

Schmidt 

No. 

Ultimate 

Uniaxial 

Compressive 

Strength 

Corapres- 

sional 

Wave 

Velocity 

Core 

Descrip- 

tion 

psi 

fps 

PZ-CR-36  4 

2.67 

56.0 

34,700 

16,660 

Intact 

5 

2.59^ 

49.6^ 

9,640®- 

14,810® 

Severely 

fractured 

6 

2.6l 

50.8 

37,880 

15,365 

Intact 

9 

2.6l 

57.8 

25,000 

14,200 

Moderately 

fractured 

12 

2.6l 

54.2 

43,180 

15,005 

Intact 

15"- 

2.6l 

58.1 

40,910 

12,370 

Intact 

18 

2.67 

53.3 

37,880 

13,080 

Moderately 

fract\ired 

20 

2.65 

52.9 

39,090 

14,265 

Moderately 

fractured 

Average  2.63 

54.7 

36,950 

14,420 

Physical  test  resvilts  for  this  specimen  not  included  in 


average . 
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Ultimate  \iniaxial  compressive  strengths  yielded  by  the  intact 
and  moderately  fractured  dacite  porphyry  specimens  were  the  greatest 
exhibited  by  any  rock  from  the  Pease  study  area.  With  the  exception 
of  the  single  severely  fract\xred  specimen,  which  failed  at  an  ulti- 
mate strength  of  9>640  psi,  the  dacite  porphyry  exhibited  ultimate 
compressive  strengths  averaging  approximately  37,000  psi,  twice  as 
strong  in  uniaxial  compression  as  the  next  most  competent  rock  from 
this  area. 

Compressional  wave  velocities,  while  generally  not  as  low  as 
those  exhibited  by  seme  specimens  from  this  area,  were  unusually  low 
for  a material  of  such  high  ultimate  uniaxial  compressive  strength. 
Apparently,  the  many  fine-grained  inclusions  scattered  throughout  the 
core  resiilted  in  longer  than  usual  travel  paths  and  travel  times  and, 
as  a consequence,  lower  wave  velocities.  The  absence  of  correlation 
of  compressional  wave  velocity  with  nature  and  degree  of  fracturing 
wovild  seem  to  indicate  that  fracturing  had  little,  if  any,  effect  on 
wave  velocity. 

Like  the  compressional  wave  velocities  discussed  above,  elastic 
constants  determined  for  the  dacite  porphyry  were  rather  low  for  a 
material  of  such  high  ultimate  ■uniaxial  compressive  strength.  The 
constants,  however,  as  indicated  in  the  tabulation  below,  were  par- 
ticularly uniform. 
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Hole  No. 

Specimen 

Modiilus 

Shear 

Velocity 

Poisson's 

Ratio 

IMO  • 

Young's 

Bulk 

Shear 

Dynamic  Tests : 

10^  psi 

10^  psi 

10^  psi 

fps 

PZ-CR-36 

7.3 

6.3 

2.8 

8,805 

0.31 

5 

6.8 

4.0 

2.8 

8,935 

0.21 

6 

6.9 

4.6 

2.8 

8,865 

0.25 

9 

6.0 

3.8 

2.4 

8,315 

0.24 

12 

6.7 

4.4 

2.7 

8,730 

0.24 

15 

5.2 

2.2 

2.4 

8,225 

0.10 

18 

5.5 

3.1 

2.3 

8,000 

0.20 

20 

6.U 

3.8 

2.6 

8,535 

0.22 

Average 

Static  Tests : 

6.4 

4.0 

2.6 

8,550 

0.22 

PZ-CR-36 

12 

8.5 

4.7 

3.5 

« _ 

0.20 

18 

9.4 

5.7 

3.9 

— 

0.22 

Average 

9.0 

5.2 

3.7 

-- 

0.21 

For  the  two  specimens  on  which  comparisons  co\ild  be  made,  static 
elastic  constants  were  generally  slightly  higher  than  the  coirespond- 
ing  dynamic  values. 

Stress-strain  cxirves  determined  for  two  specimens  of  dacite  por- 
phyry revealed  this  material  to  be  slightly  inelastic.  Upon  being 
subjected  to  cyclic  canpressive  tests,  these  specimens  exhibited 
slight  hysteresis  and  residual  strain.  The  initial  upward  concavity 
of  the  stress -strain  curves  was  probably  due  to  crack  closure  d\iring 
the  initial  stages  of  loading. 
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GRANITE  GNEISS  AND  GRANODIORITE  GNEISS 


All  of  the  cores  from  Hole  PZ-CR-23  were  petrographically  identi 


led  as  gneiss,  the  majority  being  granite  and  granodiorite  gneiss 


Several  of  the  granodiorite  gneiss  specimens  contained  fractures 


Most  of  the  specimens  were  intact 


A summary  of  the  physical  test  results  is  given  below.  Detailed 


results  are  given  in  Appendix  C 


Ultimate  uniaxial  compressive  strengths  yielded  by  these  mate 


rials  were  moderate  to  rather  low  in  magnitude,  similar  to  those  ex 


hibited  by  the  mica  gneiss  and  muscovite  granodiorite  from  the  Pease 


area  (previously  discussed).  Nature  and  degree  of  fracturing  had  no 


Hole  No.  Speci- 
men 
No. 

Spe- 

cific 

Gravity 

Schmidt 

No. 

Ultimate 

Uniaxial 

Compressive 

Strength 

Compres- 

sional 

Wave 

Velocity 

Core  Description 

psi 

fps 

PZ-CR-23  7 

2.60 

37.2 

6,060 

9,040 

Moderately  fractured 
granodiorite  gneiss 

8 

2.61( 

44.8 

13,240 

11,555 

Moderately  i’ractured 
granodiorite  gneiss 

10 

2.67 

— 

11,050 

14,655 

Intact  granite  gneiss 

11 

2.63 

92.8 

13,530 

12,340 

Intact  granite  gneiss 

17 

2.67 

53.4 

11 ,970 

12,195 

Intact  granite  gneiss 

19 

2.78 

49.8 

7,760 

14,510 

Intact  granite  gneiss 

Average 

2.66 

47.6 

10,600 

12,380 

immediately  obvious  effect  on  ultimate  strength;  Intact  specimens 
yielded  both  high  and  low  (relatively  spealiing)  strengths.  As  indi- 
cated in  Figxire  3.2,  orientation  of  the  plates  of  mica  may  have  been 
responsible  for  the  lower  compressive  strengths. 

Compressional  wave  velocities  were  also  comparable  to  those  de- 
termined for  much  of  the  material  previously  discussed,  rather  low  in 
magnitude  and  varying  somewhat.  These  low  velocities,  and  the  low 
strengths  mentioned  above,  were  probably  due  to  the  presence  of  very 
large  concentrations  of  mica  throvighout  the  core. 

As  indicated  in  the  tabxilation  below,  elastic  constants  deter- 
mined for  these  gneisses  were  somewhat  variable,  but  generally  were 
in  the  same  range  as  the  constants  determined  for  the  various  other 


rock  types  from  this  area. 


Hole  No. 

Specimen 

Modulus 

Shear 

Velocity 

Poisson's 

Ratio 

young's 

Bulk 

Shear 

Dynamic  ' 

rests : 

10^  psi 

10^  psi 

10^  psi 

fps 

PZ-CR-23 

7 

2.1 

1.8 

0.8 

4,840 

0.30 

8 

U.3 

2.4 

1.8 

7,095 

0.20 

10 

6.0 

4.6 

2.4 

8,090 

0.28 

11 

5.2 

2.3 

2.3 

8,070 

0.13 

17 

5.3 

1.6 

2.9 

8,865 

a 

19 

6.0 

4.8 

2.3 

7,855 

0.29 

Average 

'4.8 

2.9 

(Continued) 

.2.1 

7,470 

0.24 

Due  to  the  unusually  large  shear  velocity  to  compressional  velocity 
ratio,  the  dynamic  Poisson's  ratio  for  this  specimen  could  not  be 
accurately  determined. 
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Hole  No.  Specimen 
No. 


Static  Tests: 
PZ-CR-23 


Modulus 


Shear 

Velocity 


Poisson's 

Ratio 


Young 's 

Bulk 

Shear 

lo6  psi 

1q6  psi 

10^  psi 

fps 

8 4.8 

2.0 

2.1 

0.11 

17  5.6 

2.9 

2.3 

-- 

o.i8 

Average  5.2 

2.4 

2.2 

0.14 

Cyclic  stress-strain  curves  plotted  dtiring  the  static  tests  on 
representative  specimens  revealed  these  gneisses  to  be  somewhat  in- 
elastic, not  unlike  the  rock  types  previously  discussed.  Significant 
hysteresis  and  residual  strain  were  detected  upon  cycling. 

3.7  OTHER  ROCK  TYPES 

Also  tested,  but  not  discussed  in  previous  sections  of  this 
chapter,  were  two  specimens  representing  gneissic  inclusions  in 
Hole  PZ-CR-23,  one  specimen  of  basaltic  material  received  from  Hole 
PZ-CR-34,  and  one  specimen  of  black  and  white  tonalite  from  Hole 
PZ-CR-36. 

Physical  test  results  yielded  by  the  tonalite  sp»ecimen  and  the 
two  specimens  representing  gneissic  inclusive  material  were  generally 
similar  to  the  results  exhibited  by  the  more  common  materials  re- 
ceived from  Holes  PZ-CR-23  and  -36,  and  therefore,  warrant  no  addi- 
tional comment  or  evaluation.  Test  results  are  given  in  Appendixes 
C and  F. 

32 


.-S. 


I 

Physical  characteristics  exhibited  by  the  basaltic  specimen  re- 
ceived from  Hole  PZ-CR-3^  were,  however,  the  least  competent  of  any 
specimen  from  this  hole  and  thus  might  require  additional  evaluation. 


This  specimen  was  the  only  one  from  Hole  PZ-CR-3^  to  yield  an  ulti- 
mate uniaxial  compressive  strength  of  less  than  8,000  psi. 


^1-,.  .w-i. 


Figtire  3.1  Core  PZ-CR-11,  Specimen  l6.  The  plane  of  failure  in  this 
schist  was  parallel  to  the  foliation,  which  was  at  45  degrees.  This 
section  failed  at  4,240  psi. 


Figxire  3.2  Core  PZ-CR-23,  Specimen  7.  The  top  half  of  the  photo- 
graph shows  the  planes  along  which  the  section  failed  during  com- 
pressive tests.  The  lower  half  shows  a mica  layer  inclined  at 
about  40  degrees  along  which  failure  occurred. 
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CHAPTER  4 


SPECIAL  TESTS 

4.1  ANISOTROPY  TESTS 

Eight  rock  specimens  from  the  Pease  area  were  selected  and  pre- 
pared for  determination  of  compressionnl  and  shear  velocities  accord- 
ing to  the  ASTM  proposed  "Standard  Mc^tJjOd  of  Test  for  Laboratory  De- 
termination of  Ultrasonic  Pulse  Velocities  and  Elastic  Constants  of 
Rock,"  as  discussed  in  Section  2.6.  The  NX-diameter  specimens  were 
cut  to  lengths  of  2 inches  and  groiind  on  the  ends  to  a tolerance  of 
0.001  inch.  Four  l/2-inch-wide  strips  were  also  gro\and  down  the  sides 
of  the  cylindrical  sTirface  at  90-d.egree  angles.  The  velocities,  den- 
sities, and  dimensions  were  measured  as  specified  in  the  proposed 
test  method.  Resiilts  of  velocity  determinations  are  given  in 
Table  4.1. 

Compressional  and  shear  wave  velocities  exhibited  by  the  speci- 
mens tested  were  rather  variable,  generally  low  to  moderate  in  ma^^;ni- 
tude.  The  lowest  velocities  were  exhibited  by  the  well-foliated  mica 
gneiss  and  the  muscovite  granodiorite  which  contained  unusually  large 
percentages  of  muscovite  and  biotite. 

Deviations  from  the  average  compressional  wave  velocity  were,  in 
most  instances,  quite  high — frequently  exceeding  10  percent.  In  all 
cases,  deviations  from  the  average  exceeded  5 percent.  These  high 
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but  varying  degrees  of  anisotropy  are  apparently  due  to  the  well- 
foliated  and  porphyritic  nature  of  much  of  the  material  from  this 
area,  the  lesser  degrees  of  anisotropy  being  characteristic  of  the 
slightly  foliated  and/or  finer  grained  specimens. 

A ccanpilation  of  the  eleustic  properties  computed  from  the  com- 
pressive and  shear  velocities  and  the  specific  gravity  is  given  in 
Table  4.2.  However,  particular  discretion  must  be  \xsed  in  utilizing 
the  mod\ili  results  as  experimental  errors  are  introduced  when  the 
differences  in  velocities  are  significant.  The  proposed  ASTM  test 
method  states  that  the  eqviations  for  computation  of  elastic  moduli 
shovild  not  be  used  if  "any  of  the  three  ccanpressional  wave  velocities 
varies  by  more  than  2 percent  from  their  average  value.  The  error 
in  E and  G due  to  both  anisotropy  and  experimental  error  then  does 
not  exceed  6 percent."  Natvirally,  the  error  is  ccmpoxmded  by  greater 
differences  in  the  three -directional  velocity  measurements,  as  are 
present  here. 

4.2  COMPARATIVE  TENSILE  TESTS 

Eight  NX-diameter  rock  specimens  were  selected  in  an  attempt  to 
represent  the  variation  of  rock  type  present  in  the  core  received 
from  the  drill  holes  in  the  Pease  study  area.  The  specimens  were 
prepared  and  tested  for  tensile  strength  according  to  the  ASTM  pro- 
posed "standard  Method  of  Test  for  Direct  Tensile  Strength  of  Rock 
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Core  Specimens."  For  comparative  purposes,  tensile  splitting  tests 
were  conducted  on  specimens  cut  adjacent  to  the  direct  tensile  test 
specimens.  The  test  results  are  given  in  Table  4.3. 

Direct  tensile  strengths  were  generally  rather  low,  in  most 
cases  less  than  400  psi.  The  specimens  which  exhibited  direct  ten- 
sile strengths  greater  than  400  psi  (i.e.,  600,  640,  and  1,090  psi) 
were  the  three  mica  gneiss  specimens  tested.  The  specimen  which 
yielded  the  lowest  direct  strength  was  the  only  fractured  specimen 
tested. 

Indirect  tensile  strengths  were  generally  somewhat  higher  than 
the  corresponding  direct  tensile  strengths,  probably  due  to  the  more 
restricted  location  of  the  fail\ire  plane  in  the  indirect  test,  re- 
sulting in  less  probability  of  failure  occurring  at  a point  of  mini- 
mum strength. 

Of  the  two  specimens  exhibiting  characteristics  which  did  not 
follow  this  trend,  one  was  a well-foliated  mica  gneiss  with  foliation 
perpendicTilar  to  the  plane  of  direct  tensile  stress  and  parallel  to 
the  plane  of  indirect  tensile  stress.  In  this  case,  the  foliation 
and  orientation  were  probably  responsible  for  the  indirect  strength 
being  lower  than  the  corresponding  direct  value. 

In  most  cases,  the  direct  tensile  strength  should  better  reflect 
the  minimum  tensile  strength  characteristic  of  a particiolar  rock  spec- 
imen, since  a specimen  subjected  to  direct  tension  should  be  more  prone 
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to  failure  at  a point  of  miniraum  strength,  i.e.,  along  fractures,  etc 


4.3  PETROGRAPHIC  EXAMINATION 

4.3.1  Samples.  Six  boxes  of  NX  core  from  holes  in  Belknap, 
Cheshire,  Grafton,  and  Merrimack  Counties,  New  Hampshire,  were  re- 
ceived in  October  and  November  1969*  Each  box  contained  about  15 
feet  of  core  which  represented  several  depths  to  200  feet. 

The  cores  were  inspected  to  select  representative  pieces  from 
all  significant  rock  types  for  petrographic  examination.  The  cores 
are  described  below: 

1.  Hole  PZ-CR-2.  The  entire  core  was  black  and  white,  coarse- 
grained granitic  mica  gneiss.  Specimens  15  and  17  contained  sealed 
fract\ares  and  the  remaining  specimens  were  intact.  All  of  the  speci- 
mens showed  a well -developed  steep  foliation. 

2.  Hole  PZ-CR-11.  This  core  was  dark  green  and  white,  coarse- 
grained garnet  mica  gneiss  and  schist.  Most  of  the  gneissic  speci- 
mens showed  a poorly  developed  foliation  while  the  schistose  speci- 
mens contained  a well-developed  steep  foliation. 

Specimens  4,  6,  9j  14,  i6,  and  17  were  schist;  Specimens  8 and 
19  were  contacts  between  the  schist  and  gneiss;  the  remaining  speci- 
mens were  gneiss.  Specimens  11  and  12  of  the  gneiss  were  severely 
altered.  Sealed  fractures  were  common  in  the  gneissic  specimens. 

3.  Hole  PZ-CR-23.  The  core  was  white  and  black,  coarse-grained 
porphyritic  granite  gneiss  with  several  inclusions  of  white,  fine-  to 
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coarse-grained  granodiorite  gneiss. 

Specimens  6 through  9 and  21  were  white  pegmatitic  granodiorite 
gneiss,  and  Specimens  1 and  22  were  a fine-grained  gneiss  that  ap- 
peared to  have  been  an  inclusion.  Most  of  the  specimens  of  porphy- 
ritic  granite  gneiss  were  intact  and  only  Specimens  2 and  l4  con- 
tained fractures . 

4.  Hole  PZ-CR-2^.  This  core  was  gray  and  white,  coarse-grained 
muscovite  granodiorite.  The  rock  contained  a large  amoimt  of  musco- 
vite and  biotite  mica.  Specimens  1 and  2 were  slightly  weathered; 
Specimen  13  contained  a sealed  high-angle  fracture;  the  remaining 
specimens  were  intact. 

5 . Hole  PZ-CR-34.  The  core  was  black  and  white,  fine-  to 
coarse-grained  mica  gneiss  and  schist.  Pegmatites  were  common  in  the 
upper  portions  of  the  core. 

Specimens  1,  2,  and  3 were  fractured  and  weathered,  and  Speci- 
mens 4,  5>  7,  8,  l6,  and  l8  contained  pegmatite  bands.  All  of  these 
specimens  were  coarse-grained  schist.  Specimens  6,  9,  20,  and  21  were 
fine-grained  gneiss  and  Specimens  11  through  15,  17 j 19s  arid  2? 
through  25  were  coarse-grained  schist.  The  fine-grained  specimens 
and  Specimens  12,  15,  and  19  were  banded  and  contained  a 45-degree 
foliation.  Specimen  10  was  a black,  fine-grained  basaltic  rock 
logged  as  trap  rock. 

Healed  fractures  were  common  in  most  of  the  specimens; 


weathering  was  evident  in  the  upper  segments  of  the  core. 


6.  Hole  PZ-CR-36.  This  core  was  salmon  pink,  fine-grained  da- 
cite  that  was  logged  as  metaarkosic  conglomerate;  however,  further 
study  revealed  that  the  majority  of  this  core  was  volcanic  rock. 

Specimens  5 through  I6  were  porphyry;  Specimens  4 ajid  17  throvigh 
21  contained  black  euid  white  inclxisions.  Specimens  1,  2,  and  3 were 
black  and  white  tonalites  similar  to  the  inclusions  in  Specimens  4 
and  17  through  21.  Specimen  5 contained  several  high-eungle  fractures 
and  was  the  most  severely  fractured  specimen  in  the  core.  Specimen  1 
was  slightly  weathered. 

The  specimens  selected  for  petrographic  examination  were: 

Hole  No.  Concrete  Divi-  Sped-  Approxi-  Rock  Description 

sion  Serial  men  mate 

No.  No.  Depth 


feet 

PZ-CR-2 

SAMSO-12 , 

DC-3 

12 

110 

Black  and  white,  coarse- 
grained granitic  mica 
gneiss 

PZ-CR-11 

SAMSO-12 , 

DC-6 

17 

124 

Dark  green  and  white, 
coarse-grained  garnet 
mica  schist  with  large 
quartz  pod 

PZ-CR-23 

SAMSO-12, 

DC -4 

l4 

127 

White  and  black,  coarse- 
grained porphyritic  gran- 
ite gneiss 

21 

t 

0 

ON 

1 

Inclusion  of  white,  fine- 
to  coarse-grained  grano- 

(Continued) 

diorite  gneiss 

4l 

afliifclfmi  #‘11  i. 
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Hole  No. 

Concrete  Divi- 
sion Serial 
No. 

Speci- 

men 

No. 

Approxi- 

mate 

Depth 

Rock  Description 

feet 

PZ-CR-25 

SA^^30-12,  DC-5 

17 

140 

Gray  and  white,  coarse- 
grained muscovite 
granodiorite  ^ 

PZ-CR-34 

SAMSO-12,  DC-1 

12 

101 

Black  and  white,  coarse- 
grained garnet  mica 
gneiss 

21 

165 

Gray  and  white,  fine- 
grained gneiss 

pz-cr-36 

SAMSO-12,  DC-2 

10 

79 

Salmon  pink,  fine-grained 
dacite  porphyry 

17 

148 

Salmon  pink  and  black, 
mediijm-grained  diorite 
inclxision  in  salmon  pink 
porphyry 

4.3.2  Test  Procedure.  Each  piece  of  core  was  sawed  axially. 

One  sawed  surface  of  each  piece  was  polished  and  photographed.  Com- 
posite samples  were  obtained  from  the  whole  length  or  from  selected 
portions  from  the  remaining  half  of  each  piece.  The  composite  samples 
were  ground  to  pass  a No.  325  sieve  (44  pm).  X-ray  diffraction  (XRD) 
patterns  were  made  of  each  sample  as  a tightly  packed  powder.  All  XRD 
patterns  were  made  using  an  XRD-5  diffractometer  with  nickel -filtered 
copper  radiation.  The  samples  X-rayed  are  listed  below: 
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Hole  No. 

Section  No. 

Description  of  X-ray  Sample 

PZ-CR-2 

12 

Entire  length  of  section 

PZ-CR-11 

17 

Entire  length  of  section  except  quartz 
pod  was  sampled 

PZ-CR-23 

14 

Entire  length  of  section 

21 

Entire  length  of  section 

PZ-CR-25 

17 

Entire  length  of  section 

PZ-CR-34 

12 

Entire  length  of  section 

21 

Entire  length  of  section 

PZ-CR-36 

10 

Entire  length  of  section 

17 

Incliision  and  porphyry  both  sampled 

Small  portions  of  the  powdered  samples  were  tested  with  dilute 
hydrochloric  acid  and  with  a magnet  to  determine  whether  carbonate 
minerals  or  magnetite  were  present. 

The  polished  surface  of  each  section  was  examined  with  a stereo- 
microscope. Thin  sections  were  prepared  from  each  section  of  core 
and  examined  with  a polarizing  microscope.  A point-count  modal  analy- 
sis was  made  on  each  thin  section  in  which  500  points  were  counted. 

4.3.3  Results.  The  cores  examined  from  the  Pease  area  can  be 
divided  into  four  groups:  mica  schist  and  gneiss,  muscovite  grano- 

diorite  (Reference  3)»  dacite  porphyry  (Reference  3)>  and  granitic 
gneiss.  The  cores  were  taken  from  the  middle  Paleozoic  rocks  in 
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central  New  Hampshire.  The  granite  gneisses  came  from  the  Cardigan 
pluton  of  metamorphosed  Kinsman  quartz  monzonite  and  Bethlehem  gneiss 
(Reference  U)  in  west-central  New  Hampshire.  The  mica  schists  and 
gneisses  were  taken  from  the  Devonian  Littleton  formation,  which  was 
intruded  by  the  rocks  of  the  Cardigan  pluton.  The  muscovite  granodio- 
rites  were  taken  frcm  post-Devonian  intrusive  rocks  to  the  east  of 
the  Cardigan  pluton  and  may  represent  an  outlier  of  the  Conway  granite . 
The  dacite  porphyry  was  taken  from  Belknap  Mountains  and  was  part  of 
the  White  Mountain  magma  series  (Reference  5). 

The  majority  of  the  rocks  frcm  the  Pease  area  had  undergone  at 
least  one  major  thermal  metamorphism  (Reference  6).  The  effects  of 
the  metamorphism  varied  from  core  to  core  and  in  some  areas  varied 
within  a core.  The  relation  of  the  cores  examined  to  the  geologic 
units  in  the  Pease  area  is  simmarized  in  Table  4.4.  The  modal  com- 
position of  each  rock  type  is  shown  in  Tables  4.5,  4.6,  and  4.7,  and 
the  b\ilk  composition  by  XRD  is  shown  in  Tables  4.8,  4.9,  and  4.10. 

The  rocks  in  each  core  are  discussed  below: 

1.  Mica  schists  and  gneisses.  The  rocks  in  Cores  PZ-CR-11  and 
-34  were  foliated,  garnet-rich  mica  schists  and  gneisses  from  meta- 
sediments mapped  as  the  Littleton  formation.  Porphyroblasts  of 
quartz  and  garnet  were  common  in  most  of  the  sections.  These  rocks 
range  in  degree  of  metamorphism  from  chlorite  schists  to  garnet 
gneisses . 
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Section  17,  Core  PZ-CR-11,  was  dark  green  and  white,  coarse- 
grained gamet-mica  schist,  showing  steeply  dipping  foliation  that 
bends  around  quartz  and  feldspar  porphyroblasts  (Figure  4,l).  Bio- 
tite  was  partially  altered  to  chlorite  and  plagioclase  was  severely 
altered  to  sericite.  Garnet  and  chlorite  were  present  (Tables  4.5 
and  4.8).  Quartz  was  severely  strained  and  broken  and  biotite  was 
often  bent  or  broken. 

Section  12,  Core  PZ-CR-34,  was  black  and  white,  medium-grained 
garnet  gneiss.  Several  porphyroblasts  of  garnet  disrupted  the  folia- 
tion which  paralleled  the  compositional  banding  (Figtire  4.2).  Two 
visible  fractxires  appeared  normal  to  the  foliation  and  at  a high 
angle  to  it,  and  several  microfractures  parallel  to  the  larger  frac- 
tures were  detected.  Biotite  was  severely  altered  to  chlorite,  and 
plagioclase  was  partially  altered  to  sericite.  Quartz  heui  been 
recrystallized . 

Section  21,  Core  PZ-CR-34,  resembled  Section  12  in  composition, 
but  it  was  much  finer  grained  and  contained  little  chlorite  (Figure 
4.2).  The  section  was  banded  and  foliated  parallel  to  the  banding. 
The  rock  appeared  to  have  been  recrystallized.  Figure  4.2  shows  what 
may  be  traces  of  original  cross-bedding  in  the  section.  The  composi- 
tional banding  suggests  original  shaly  layers,  now  high  in  biotite, 
mixed  sandy-shale  layers,  and  sandstone  layers  in  the  original 
sediment . 
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2.  Muscovite  granodiorite.  OiHy  gremodiorite  was  present  in 


Core  PZ-CR-25j  and  Section  17  was  representative.  This  section  was 
gray  and  white,  coarse-grained  muscovite  gremodiorite  with  inconspic- 
uous lineation  or  foliation  dipping  about  40  degrees.  Though  the 
section  appeared  intact  (Figure  4.3),  there  were  many  remdomly  ori- 
ented microfractures  cutting  it.  Quartz  had  been  severely  strained 
and  fractured,  but  the  remaining  minerals  appeared  fresh.  Plagio- 
clase,  with  an  anorthite  content  of  34  percent,  was  slightly  altered 
to  sericite  along  microfractures.  The  modal  composition  is  given  in 
Table  4.6. 

3.  Dacites.  These  rocks  were  salmon  pink,  fine-grained  dacite 
porphyries  with  a few  diorite  inclusions  (Fig\ire  4.4).  Section  10  of 
Core  PZ-JR-36  was  representative  of  the  dacites.  It  contained  many 
rectangular  phenocrysts  of  antiperthitic  plagioclase  feldspar  in  a 
fine-grained  groundmass  of  quartz  and  feldspar.  Section  17  of  Core 
PZ-CR-36  was  representative  of  the  partially  assimilated  diorite  in- 
clusion (Figure  4.4).  The  inclusions  consisted  predominantly  of 
plagioclase  with  biotite,  and  minor  hornblende  (Tables  4.6  and  4.9). 

The  plagioclase  of  Section  10  was  severely  altered  to  sericite, 
and  the  groundmass  was  so  fine  that  it  was  almost  impossible  to  make 
optical  identifications. 

4.  Granite  gneisses.  Cores  PZ-CR-23  and  -2  were  drilled  in 
areas  mapped  as  the  Kinsman  quartz  monzonite  and  the  Bethlehem  gneiss 
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of  the  Cardigan  pluton  (Table  4.4),  In  part,  these  rocks  were  mas* 
sive,  foliated,  mica-rich  granitic  gneisses.  Meuiy  of  the  specimens 
held  a well-developed  porphyritic  texture  that  frequently  disrupted 
the  foliation  (Figure  4.5).  Muscovite  mica  was  common  in  these 
gneisses,  apparently  as  a product  of  retrograde  metamorphism  (Refer- 
ence 4) . 

Section  12,  Core  PZ-CR-2,  was  black  and  white,  coarse-grained 
granitic-mica  gneiss.  The  section  showed  a steep  foliation  and  a 
few  poorly  developed  quartz  and  plagioclase  phenocrysts  (Figure  4.5). 
Most  of  the  grains  have  been  stretched  or  sheared  parallel  to  plane 
of  the  foliation  and  apparently  have  undergone  minor  recrystalliza- 
tion. Quartz  was  usually  slightly  strained  and  elongated.  Plagio- 
clase, with  an  anorthite  content  of  24  percent,  and  microcline,  were 
slightly  altered.  Biotite  and  miiscovite  flakes  were  often  bent,  and 
biotite  was  partially  altered  to  chlorite. 

Section  l4.  Core  PZ-CR-23,  was  black  and  white,  coarse-grained 
porphyritic  granitic  gneiss.  The  large  phenocrysts  of  quartz  and 
plagioclase  mask  any  evidence  of  foliation  or  flow  structure  in  this 
section  (Figure  4.5).  The  feldspars  showed  minor  elteration  to  seri- 
cits,  and  biotite  was  partially  altered  to  chlorite.  Plagioclase, 
with  an  anorthite  content  of  26  percent,  and  microcline  were  much 
more  abundant  than  in  Section  12  of  PZ-CR-2.  This  section  contained 
many  horizontal  microfractvires . 
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Section  21,  Core  PZ-CR-23,  was  gray  emd  white,  fine-  to  coarse- 
grained pegmatitic  rock,  apparently  an  inclusion  or  segregation  with 
a somewhat  different  composition  and  texture.  The  section  contained 
more  plagioclase  and  less  microcline  than  Section  lU  of  PZ-CR-23  and 
would  be  a granodiorite  using  the  Shand  classification  (Reference  3) . 
The  grain  size  ranged  from  coarse  to  fine  (Figure  4.1).  Garnet  and 
muscovite  were  present  as  metamorphic  products. 

4.3.4  Sxanmary . Petrographic  examination  of  nine  sections  of 
core  from  six  holes  in  the  Pease  area  of  central  New  Hampshire  indi- 
cated that  four  major  rock  types  were  represented:  granodiorite 

gneiss,  mica  schist  and  gneiss,  muscovite  granodiorite,  and  dacite 
porphyry.  The  mica  gneisses  and  schists  and  the  granite  gneisses 
were  slightly  more  abvindant  than  the  other  rock  types. 
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TABLE  4.1  VEIiOClTY  DEThl^MINATlONr; 


Velocity^ 

Compressional 

Sliear 

fps 

t'ps 

Hole  PZ-CR-2,  Specimen  21: 

Mica  gneiss,  well  foliated 

12,230 

5,790 

Depth:  178  f«;et 

11,090 

5,830 

Specific  gravity:  2.8l 

l4,680 

6,880 

Compressional  deviation:^  15*9  pct 

Average 

12,670 

6,170 

Hole  PZ-CR-11,  Specimen  11: 

Mica  gneiss,  slightly  foliated 

17,200 

8,780 

Depth:  124  feet 

19,180 

9,310 

Specific  gravity:  2.84 

17,470 

8,930 

Compressional  deviation:  6.8  pet 

Average 

17,950 

9,010 

Hole  PZ-CR-23,  Specimen  2: 

Granite  gneiss,  fractured 

15,080 

7,820 

Depth:  11  feet 

16,700 

7,430 

Specific  gravity:  2.71 

15,980 

7,870 

Compressional  deviation:  5*3  pet 

Average 

15,920 

7,710 

Hole  PZ-CR-23,  Specimen  4: 

Granite  gneiss 

12,370 

5,300 

Depth : 30  feet 

19,070 

6,770 

Specific  gravity:  2.61 

17,530 

6,210 

Compressional  deviation:  24.2  pet 

Average 

16,320 

6,090 

(Continued) 

First  velocity  listed  is  in  axial  (longitudinal)  direction;  other 
^ ^ two  are  on  mutually  perpendicular,  diametral  (lateral)  axes. 

* ^ Maximum  percent  deviation  fi'om  the  avereige  of  the  compressional 

♦ ‘ wave  velocity. 
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lABLE  4.1  (concluded) 


Velocity 

Compressional 

Shear 

fps 

fps 

Hole  PZ-CR-25,  Specimen  9’ 

Muscovite  granodiorite 

9,300 

4,700 

Depth : 75  feet 

13,620 

5,830 

Specific  gravity;  2.63 

14,510 

5,870 

Compressional  deviation:  25.5  pet 

Average 

12,480 

5,470 

Hole  PZ-CR-34,  Specimen  6: 

Mica  gneiss 

16,790 

8,74o 

Depth:  58  feet 

18,160 

9,080 

Specific  gravity:  2.67 

18,060 

8,980 

Compressional  deviation:  5.2  pet 

Average 

17,670 

8,930 

Hole  PZ-CR-34,  Specimen  24: 

Mica  schist 

14,710 

7,690 

Depth : 19O  feet 

16,970 

8,180 

Specific  gravity:  2.72 

15,410 

7,630 

Compressional  deviation:  12.7  pet 

Average 

15,700 

7,830 

Hole  PZ-CR-36,  Specimen  21: 

Dacite  porphyry  with  inclusions 

14,110 

7,950 

Depth:  188  feet 

17,570 

8,370 

Specific  gravity;  2.63 

18,150 

8,590 

Coni^jx-essional  deviation:  15.0  pet 

Average 

16,610 

8,300 
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TABLE  U.2  DYMAMIC  ELASTIC  PROPERTIES 


t 


I 


1 


Hole 

fjo. 

Specimen 

No. 

Moduli 

Poisson's 

Ratio 

Yovmg's 

Shear 

Bulk 

10^  psi 

10^  psi 

10^  psi 

2 

21 

3.4 

1.3 

4.0 

0.36 

3.4 

1.3 

2.9 

0.31 

4.9 

1.8 

5.8 

0.36 

Average 

3.9 

1.5 

4.2 

0.34 

11 

11 

7.8 

3.0 

7.4 

0.32 

8.9 

3.3 

9.6 

0.35 

8.1 

3.0 

7.6 

0.32 

Average 

8.3 

3.1 

8.2 

0.33 

23 

2 

5.9 

2.2 

5.3 

0.32 

5.6 

2.0 

7.5 

0.38 

6.1 

2.3 

6.3 

0.34 

Average 

5.9 

2.2 

6.4 

0.35 

23 

4 

2.7 

1.0 

4.1 

0.39 

4.6 

1.6 

10.6 

0.43 

3.9 

1.4 

9.0 

0.43 

Average 

3.7 

1.3 

7.9 

0.42 

25 

9 

2.1 

0.8 

2.0 

0.33 

3.3 

1.2 

5.0 

0.39 

3.4 

1.2 

5.8 

O.LO 

Average 

2.9 

1.1 

4.3 

0.37 

34 

6 

7.2 

2.8 

6.5 

0.31 

7.9 

3.0 

7.9 

0.33 

7.8 

2.9 

7.9 

0.34 

Average 

7.6 

2.9 

7.4 

0.33 

34 

24 

5.7 

2.2 

5.0 

0.31 

6.6 

2.4 

7.3 

0.35 

5.7 

2.1 

5.8 

0.34 

Average 

6.0 

2.2 

6.0 

0.33 

36 

21 

5.7 

2.2 

4.1 

0.27 

6.7 

2.5 

7.6 

0.35 

7.1 

I 

2.6 

8.2 

0.36 

Average 

6.5 

2.4 

6.6 

0.33 
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TABLE  4.3  TENSILE  STRENGTH  DETERMINATIONS 


Hole  No. 

Sped- 

Depth 

Tensile  Strength 

Direct/ 

Splitting 

Strength 

Core 

Description 

ni6n 

No. 

Splitting 

Direct 

feet 

psi 

psi 

pet 

PZ-CR-2 

21 

178 

570 

640 

112 

Mica  gneiss, 
well  foliated 

PZ-CR-11 

11 

124 

760 

600 

79 

Mica  gneiss, 

slightly 

foliated 

PZ-CR-23 

2 

11 

970 

100 

10 

Granite  gneiss 
fractured 

PZ-CR-23 

4 

30 

680 

210 

31 

Granite  gneiss 

PZ-CR-2 5 

9 

75 

640 

240 

38 

Muscovite 

granodiorite 

pz-cr-34 

6 

58 

760 

1,090 

143 

Mica  gneiss 

PZ-CR-34 

24 

190 

1,330 

300 

23 

Mica  schist 

PZ-CR-36 

21 

188 

2,100 

350 

17 

Dacite  por- 
phyry 

w/inclusions 
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TABLE  4.4  RELATION  OF  ROCK  TYPES  AND  GEOLOGIC  UNITS 


Hole  No. 
PZ-CR-2 

PZ-CR-11 

PZ-CR-23 

PZ-CR-25 

PZ-CR-34 

PZ-CR-36 


Rock  Type 


Geologic  Unit 


Granite  gneiss  Bethlehem  gneiss  Intrusives 

of  the 
Cardigan 
pluton.  New 
Hampshire 
magma  series 

Mica  schist  and  gneiss  Devonian  Littleton 

formation 


Granite  gneiss  Kinsman  quartz  Intrusives 

monzonite  of  the 

Cardigan 
pluton.  New 
Hampshire 
magma  series 

Muscovite  granodiorite  Outlier--may  repre- 
sent a stock  of 
Conway  granite 

Mica  schist  and  gneiss  Devonian  Littleton 

formation 


Dacite  porphyry  Unassigned  intrvisives 

associated  with  the 
White  Mountain  magma 
series 


TABLE  4.5  MODAL  COMPOSITION  OF  MICA  SCHISTS  AND  GNEISSES 
Based  on  count  of  500  points  per  thin  section.  Tr  = trace 


E 


1 

i 

I 


j 


Constituent 

Mica  Schist,  PZ-CR-11 

Mica  Gneiss, 

PZ-CR-34 

Section  17 

Section  12 

Section  21 

Quartz 

39 

40 

39 

Plagioclase 

6 

13 

18 

Biotite 

40 

21 

35 

Chlorite 

3 

l4 

2 

Muscovite 

-- 

1 

-- 

Garnet 

3 

7 

5 

Zircon 

Tr 

Tr 

Tr 

Pyrite 

Tr 

3 

Tr 

Calcite 

Tr 

Tr 

Tr 

Sillimanite 

8 

« . 

1 


i 


TABLE  4.6  MODAL  COMPOSITION  OF  GRANODIORITE,  DACITE  PORPHYRIES, 
AND  DIORITE 

Based  on  covmt  of  500  points  per  thin  section.  Tr  = trace. 


Constituent 

Granodiorite , PZ-CR-25 

PZ-CR-36 

Section  17 

Dacite 
Section  10 

Diorite 
Section  17®- 

Quartz 

/ 

u> 

o 

39 

4 

Plagioclase 

28 

58^ 

62 

Microcline 

15 

58^ 

— 

Biotite 

4 

1 

20 

Muscovite 

23 

-- 

— 

Zircon 

Tr 

— 

Tr 

Apatite 

Tr 

-- 

Tr 

Calcite 

Tr 

Tr 

Tr 

Hornblende 

2 

4 

TABLE  4.7  MODAL  COMPOSITION  OF  GRANITE  GNEISSES  AND  GRAJRDDIORITE 
Based  on  count  of  500  points  per  thin  section.  Tr  = trace. 


Constituent 

Granite,  PZ-CR-2 

PZ-CR-23 

Section  12 

Granite 
Section  l4 

Granodiorite®' 
Section  21 

Qu£irtz 

47 

36 

20 

Plagioclase 

11 

28 

50 

* Microcline 

1 

10 

24 

15 

^ Biotite 

16 

10 

4 

Muscovite 

15 

— 

8 

1 Chlorite 

— 

Tr 

Tr 

Garnet 

-- 

2 

3 

Zircon 

Tr 

Tr 

Tr 

! 

j Apatite 

Tr 

Tr 

Tr 

' Pyrite 

t 

Tr 

-- 

— 

Calcite 

Tr 

-- 

Tr 

I 


TABLE  4.8  BULK  COMPOSITION  OF  MICA  SCHISTS  AND  GNEISSES 


Based  on  X-ray 
Tr  - trace. 

diffraction  results.  A = 

abundant,  M = minor. 

Constituent 

Mica  Schist,  PZ-CR-11 

Mica  Gneiss, 

PZ-CR-34 

Section  17 

Section  12 

Section  17 

Quartz 

A 

A 

A 

Plagioclase 

M 

A 

A 

Biotite 

A 

A 

A 

Chlorite 

-- 

A 

Tr 

Sillimanite 

M 

— 

— 

Calc it e 

Tr 

Tr 
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TAULK  4.y  BULK  COMPaUTlUN  OF  GKANOUIORITE,  DACITE  PORPHYRIES, 
AND  DIORITE 


Based  on  X-ray  diffraction  results.  A = abundant,  M = minor, 
Tr  = trace. 


Constituent 

Granodiorite , PZ-CR-25 

PZ-CR-36 

Section  17 

Dacite 
Section  10 

Diorite 
Section  17 

Quartz 

A 

A 

M 

Plagioclase 

A 

A 

A 

Microcline 

A 

A 

-- 

Biotite 

M 

Tr 

A 

Muscovite 

A 

-- 

— 

Hornblende 

-- 

Tr 

M 

Calcite 

Tr 

Tr 

Tr 

I 


I 


TABLE  4.10  BULK  COMPOSITION  OF  GRANITE  GNEISSES  AND  GRANODIORITE 

Based  on  X-ray  diffraction  results.  A = abundant,  M = minor, 
f Tr  = trace. 


Constituent 

Granite,  PZ-CR-2 

PZ-CR-23 

Section  12 

Granite 
Section  l4 

Granodiorite®’ 
Section  21 

Quartz 

A 

A 

A 

Plagioclase 

M 

A 

A 

Microcline 

M 

A 

A 

Biotite 

A 

M 

M 

Muscovite 

A 

— 

M 

Chlorite 

— 

Tr 

Tr 

Garnet 

Tr 

Tr 

Pegmatite -like  rock  of  granodiorite  composition  associated 
with  the  granites. 
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FicTore  4.1  Granite  gneiss,  Core  PZ-CR-23,  Section  21,  and  mica 
schist.  Core  PZ-CR-11,  Section  17.  PZ-CR-23,  Section  21,  shows  a 

ranf^e  in  grain  size  lYom  coarse  to  fine.  Black  areas  are  biotite  and 
gray  areas  are  quartz.  PZ-CR-11,  S'-'Ction  17,  shows  a well-developied 
hif'h-angle  foliation  disrupted  by  quartz  porphyroblasts . The  small, 
white,  rectangular  or  square  grains  are  highly  altered  plagioclase. 


Figure  h.2  Mica  gneiss.  Core  PZ-CR-34,  Sections  12  and  21.  Section 
12  shows  foliation  parallel  to  banding,  both  dipping  at  45  degrees. 
The  banding  is  accented  by  quartz-  or  biotite-rich  layers.  Narrow 
white  lines  noimsd.  to  the  foliation  are  fractiores.  Section  21  shows 
finer  grain  size  and  foliation  diijping  at  about  45  degrees.  Camposi- 
tional  bands  parallel  to  the  foliation  may  represent  original  bedding 
The  variation  in  structvire  in  the  lower  left  comer  may  be  relic 
cross -bedding. 


Figure  4.4  Dacite,  Core  PZ-CR-36,  Sections  10  and  17.  Section  10 
shows  porphyritic  texture  of  the  dacite.  Most  of  the  white  pheno- 
crysts  are  plagioclase.  A pair  of  steeply  dipping  shear  fractures 
are  seen  at  the  lower  left  and  center.  Section  17  shows  a contact 
between  the  ligpiter  dacite  and  the  darker  diorite  inclusions.  White 
lines  at  the  right  of  the  section  are  sealed  low-angle  shear 
fractures . 


Figure  4.5  Granitic  gneiss.  Core  PZ-CR-2,  Section  12,  and  Core  PZ- 
CR-23,  Section  l4.  PZ-CR-2,  Section  12,  is  granitic  mica  gneiss  with 
steeply  dipping  foliation.  To  the  right  of  the  label  there  is  a 
large  quartz  grain  disrupting  the  foliation.  PZ-CR-23,  Section  l4, 
shows  several  large  phenocrysts  of  quartz  and  feldspar  that  ccanpletely 
disrupt  the  foliation.  The  narrow  white  lines  in  the  right  half  of 
tlie  section  are  horizontal  fractures . 
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CHAPTER  5 


DISCUSSION  AND  CONCLUSIONS 

5.1  DISCUSSION 

The  nature  of  the  objective  of  these  rock  quality  tests  dictates 
overall  evaluation  of  the  core  on  a hole-to-hole  basis.  In  the  in- 
stances where  individual  holes  yielded  core  of  only  one  rock  type, 
the  evaluation  of  the  hole  will,  of  course,  be  dictated  by  the  char- 
acteristics of  the  particular  rock  type  present.  In  those  instances, 
however,  where  several  rock  types  are  represented  in  a single  hole, 
the  evaluation  of  the  hole  will  necessarily  reflect  the  qviality  of 
the  least  competent  material  tested. 

To  facilitate  evaluation  of  the  Pease  study  area  in  this  manner, 
a rock  quality  chart  (Figure  5.1)  was  prepared.  Ultimate  uniaxial 
compressive  strengths  depicted  on  this  chart  were  expressed  in  one  of 
three  categories:  good  (above  12,000  psi),  msurgineJ.  (8,000  to  12,000 
psi),  and  poor  (less  than  8,000  psi).  Locations  of  the  individml 
drill  holes  are  shown  in  Figure  5*2. 

5.2  CONCLUSIONS 

On  the  basis  of  physical  test  results,  the  following  conclusions 
appear  to  be  justified: 

1.  The  rock  core  received  from  the  Pease  study  area  was  petro- 
graphically  identified  as  predominately  mica  gneiss,  mica  schist, 
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dacite,  granite  gneiss,  and  muscovite  granodiorite  with  relatively 
minor  quantities  of  tonalite,  granodiorite  gneiss,  and  basaltic 
materieil. 

2.  Several  specimens  contained  fractures  which  ranged  in  orien- 
tation from  horizontal  to  vertical.  Two  mica  schist  specimens  con- 
tained vesicles. 

3.  Physical  test  res\ilts  exhibited  by  the  rock  core  specimens 

^ tested  from  this  area  ranged  considerably  in  magnitude.  A large 

I percentage  of  the  specimens  yielded  ultimate  uniaxial  compressive 

strengths  typical  of  marginal  quality  material  (8,000-  to  12,000-psi 

1 , 

I range).  The  majority  of  the  remainder  of  the  core  was  of  slightly 

higher  quality. 

4.  The  mica  gneiss  and  mica  schist  yielded  similar  physical 

I characteristics,  the  mica  schist  generally  being  slightly  stronger, 

i With  the  exception  of  the  two  vesicular  mica  schist  specimens,  which 

’ were  incompetent,  this  core  was  marginal  to  relatively  cunpetent  in 

• j quality. 

I 

! 5*  The  muscovite  granodiorites , granodiorite  gneisses,  and 

granite  gneisses  were  slightly  less  competent  than  the  mica  gneisses 
r and  schists  discussed  above,  generally  marginal  in  quality.  Ccsnpres- 


6.  The  dacite  porphyry  fron  this  area  was  by  far  the  most  com- 
petent material  tested,  generally  averaging  approximately  37,000  psi 
in  ultimate  uniaxial  compressive  strength.  One  highly  fractured 
specimen,  however,  was  meurginal  in  queuLity.  Surprisingly,  compres- 
sional  wave  velocities  for  this  generally  very  competent  rock  were 
rather  low,  averaging  approximately  l4,000  f ps . 

7.  Elastic  constants  determined  for  the  core  from  the  Pease 
study  area  were  generally  moderate  to  low  in  magnitude.  The  lowest 
static  Young's  modulus  exhibited  was  1.2  x 10^  psi.  Due  to  the  low 
congressional  wave  velocities  previously  mentioned,  dynamic  elastic 
constants  were  frequently  quite  low. 

8.  Anisotropy  tests  on  representative  specimens  revealed  most 
of  the  core  from  this  area  to  have  physical  properties  with  a high 
degree  of  directional  dependence.  This  was  probably  due  to  the  well- 
foliated  and  porphyritic  nattire  of  much  of  the  core.  As  a result  of 
the  rather  large  degree  of  anisotropy  typical  of  these  specimens, 
particular  discretion  must  be  used  in  utilizing  the  dynamic  moduli 
determined  for  the  core  from  this  area. 

9.  Evaluation  of  the  Pease  study  area  core  on  a hole-to-hole 
basis  indicates  the  moderately  fractured  and  intact  dacite  removed 
from  Hole  PZ-CR-36  to  be  very  competent  rock.  The  highly  fractured 
core,  removed  at  depths  of  40  feet  or  less  below  groiuid  surface,  was 
marginal  in  q\iality.  Generally,  this  hole  yielded  material 
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representative  of  competent,  hard  rock  media. 

10.  The  remainder  of  the  holes  from  this  area,  i.e.,  PZ-CR-2, 

-11,  -23,  -25,  and  -3^,  generally  yielded  rock  core  exhibiting  physi- 
cal properties  characteristic  of  marginal  to  barely  ccmpetent  mate- 
rial. Holes  PZ-CR-11,  -23,  and  -3^  yielded  inccanpetent  core  from 
depths  greater  than  50  feet  below  ground  svirface,  dictating  classifi- 
cation of  the  core  as  unsviitable  as  competent  media.  Holes  PZ-CR-2 
I and  -25  yielded  significant  quantities  of  rock  of  margined  quality, 

I 

■ but,  dependent  on  results  of  possible  further  investigation,  could 

offer  some  possibility  as  competent  hard  rock  media. 

The  above  evalviations  and  conclvisions  have  been  based  on  some- 
what limited  data;  therefore,  more  extensive  investigation  will  be 
required  in  order  to  acciirately  assess  the  individiial  areas  under  1 

! consideration.  1 


APPEflDIX  A 


DATA  REPORT 
Hole  PZ-CR-2 
21  November  1969 

Hole  Locetion:  Grafton  County,  New  Hampshire 

Longitude:  72°  03'  39.5"  West 

Latitude:  43°  53'  53.4"  North 


1.  The  following  core  was  received  on  31  October  1969  for  testing: 
Core  Piece  No.  Approximate  Depth,  ft 


1 

6 

2 

15 

3 

26 

4 

37 

5 

43 

6 

52 

7 

62 

8 

70 

9 

81 

10 

91 

11 

99 

12 

110 

13 

121 

14 

130 

15 

136 

16 

139 

17 

148 

18 

149 

19 

160 

20 

168 

21 

178 

22 

188 

7'> 

198 

Description 

2.  The  samples  received  were  rather  uniform  in  Appearance.  According 
to  the  field  log  received  with  the  core,  the  rock  was  identified  as  a 
black  and  white  coarsely  crystalline  gneiss.  Specimen  Nos,  15  and  17  con- 
tained tightly  healed  fractures;  No.  22  contained  a small  blotlte  inclusion. 


<ad  untfomltv  f f 


3.  To  doComlM  varlaciona  within  tha  hola,  apaclflc  gravity, 
Schaldt  mabar,  cowpraaalva  atrangth,  and  coapraaalonal  wava  valoclty 
%iere  datanalnad  on  apaclnana  praparad  froa  rapraaantatlva  aanplaa  aa 


glvan  balow: 


Mica  Gnalaa 


Sample 

No. 

Description 

Core 

Depth 

( 5 

Intact 

43 

( 

( 7 
( 

( 8 

Intact 

62 

Intact 

70 

( 

(11 

Intact 

99 

( 

(15 

Contains  Healed 

136 

( 

Fracture 

( 

(16 

Intact 

139 

( 

(17 

Contains  Healed 

148 

( 

Fracture 

( 

(19 

Intact 

160 

( 

(22 

Contains  Small 

( 

Blotlte  Inclu- 

188 

( 

sion 

Averaga  of  All  Spaclnana 
Tested  (9) 


Sp  Or 

Schmidt 

No. 

Comp 

Stra.  psl 

Comp  Have 
Vel.  fpe 

2.725 

44.2 

10,710 

10,835 

2.731 

39.6 

12,400 

10,360 

2.717 

43.5 

13,460 

11,220 

2.728 

44.8 

14,870 

10,090 

2.714 

35.8 

14,480 

9,910 

2.741 

40.0 

8,450 

10,830 

2.721 

— 

10,450 

10,095 

2.726 

41.2 

12,300 

10,165 

2.734 

39.6 

9.760 

9.660 

2.726 

41.1 

11,880 

10,350 

Moduli  of  deformation 

4.  Representative  spaclaans  ware  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  Tha  dynMlc  moduli  ware  detaimlned  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 


74 


and  elaatlc  congtanCs  of  rock 


. The  static  moduli  were  computed  from 


theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 


resistance 

strain  gages 

affixed  to 

1 the  specimens.  Nos. 

5, 

15.  and  16. 

Stress-strain  curves  are 

given  In 

plates  1, 

2,  and  3. 

The 

three  specimens 

were  cycled 

at  5000  psl. 

Results 

are  given  below. 

Specimen 

Modulus 

. DSl  X 1C 

l6 

Shear 

Poisson's 

No. 

Young's 

Bulk 

Shear 

Velocltv. 

fP« 

Ratio 

Dynamic 

Tests 

5 

A. 2 

1.8 

1.8 

7105 

0.12 

7 

3.6 

2.0 

1.5 

6360 

0.20 

8 

4. A 

2.1 

1.9 

7170 

0.15 

11 

3.7 

1.4 

1.7 

6835 

0.08 

15 

3.6 

1.4 

1.6 

6710 

0.08 

16 

4.0 

2.1 

1.7 

6780 

0.18 

17 

3.0 

2.2 

1.2 

5625 

0.27 

19 

3.7 

1.6 

1.7 

6730 

0.11 

22 

2.7 

2.0 

1.0 

5341 

0.28 

Static  Tests 

5 

3.8 

1.9 

1.7 



0.16 

15 

4.1 

2.2 

1.7 

0.19 

16 

2.6 

2.2 

1.1 

-- 

0.15 

Conclusions 

5.  The  core  received  for  testing  from  hole  PZ-CR-2  was  rather 
uniform.  Identified  by  the  field  log  received  with  the  core  as  black  and 
white  coarsely  crystalline  gneiss.  Specimen  Nos.  15  and  17  contained 
tightly  healed  fractures  which  appeared  to  have  no  appreciable  effect 
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«■  f*qrslc«l  test  cMulC*.  Physical  cast  rasulcs  axhlblCad  by  this 
■atarlal  wars  rathar  lew  but  vary  uaifens.  Uaiaxtal  coaprasslva  straagchs 
wars  marginal,  ranging  fresi  9760  Co  14,870  psl.  Wave  valecltlas  ware 
conslatantly  low,  possibly  due  Co  the  strongly  llnaaCad  nature  of  Cha 
black  alnarals. 

Avarags  of  All 


I Specific  Gravity  2.726 
I Schnldt  Nubar  41,1 

Coaprasslva  Strength,  psl  11,880 
Coapresslonal  Wave  Velocity,  fps.  10,350 
Static  Young's  Modulus,  psl  x 10^  3.5 


i 


> 1 


STRESS-STRAIN  CURVE 
Dnconflned  Conpresslonf 
Specioen:  PZ-CR-2-16 
Caap  Strg:  8AS0  psi 


Strain,  microin. /In 


PLATE  A3 


APPENDIX  B 


DATA  REPORT 
Hole  PZ-CR-11 
20  November  1969 

Hole  Location:  Cheshire  County,  New  Hampshire 


Longitude: 

72° 

11' 

46"  West 

Latitude : 

43° 

5' 

56"  North 

Core 


1.  The  following  core  was  received  on  6 November  1969  for  testing: 


Piece  No. 

Approximate  Depth,  ft 

1 

26 

2 

34 

3 

46 

4 

54 

5 

65 

6 

75 

7 

83 

8 

91 

9 

100 

10 

110 

11 

124 

12 

127 

13 

138 

14 

143 

15 

148 

16 

153 

17 

162 

18 

172 

19 

182 

20 

193 

21 

198 

Description 

2.  The  samples  received  were  relatively  uniform  in  appearance.  Accord- 
ing to  the  field  log  received  with  the  core,  the  rock  was  Identified  as 
brownish-gray  to  gray  gneiss.  Specimen  No.  8 contained  a critically  oriented 
fracture.  Numbers  14  and  16  were  vesicular  and  contained  well-defined 
planes  of  llneation. 
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Quality  and  uniformity  te«t« 

3.  To  detetnine  variation*  within  the  hola,  specific  gravity, 
Schmidt  number,  compresalve  strength,  and  compreaslonal  wave  velocity 
were  determined  on  specimens  prepared  from  representative  saaples  as 
given  below: 


Sample 

No. 

Descrlotlon 

Core 

Denth 

So  Gr 

Schmidt 

No. 

Comp 

Strg.  psl 

Comp  Wave 
Vel.  fp* 

Mica 

Gneiss 

3 

Intact 

46 

2.830 

44.2 

11,970 

16,500 

Mica 

Schist 

4 

Intact 

54 

2.948 

45.6 

15,000 

19,090 

Mica 

Gneiss 

8 

Contained 
Critically  Ori- 
ented Fracture 

91 

2.853 

41.3 

10,580 

17,170 

Mica 

Gneiss 

12 

Intact 

127 

2.814 

40.7 

10,230 

15,685 

Mica 

Gneiss 

13 

Intact 

138 

2.733 

42.4 

19,030 

16,400 

Mica 

Schist 

14 

Vesicular,  Well- 
Defined  Llnea- 
tlon 

143 

2.776 

•- 

6,120 

15,420 

Mica 

Gneiss 

15 

Intact 

148 

2.887 

44.4 

17,330 

18,475 

Mica 

Schist 

16 

Vesiculai;  Well- 
Defined  Linea- 
tion 

153 

2.577 

-• 

4,240 

9,280 

Mica 

Gneiss 

19 

Intact 

182 

2.969 

47.2 

17,390 

20,540 

Mica 

Gneiss 

21 

Intact 

198 

2.902 

44.9 

23.030 

19.520 

Vesicular  Material  Containing 
Well-Defined  Planes  of 
Lineatlon  (2) 

2.676 

““ 

5,180 

12,350 

Remainder  of  Core  (8) 

2.867 

43.8 

15,570 

17,925 
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4.  Physical  properties  determined  for  this  core  were  somewhat 
variable.  The  low  physical  test  results  exhibited  by  specimen  Nos.  14 
and  16  were  apparently  due  to  the  vesicles  and  well-defined  llneatlon. 
The  somewhat  higher  wave  velocities  exhibited  by  specimen  14  were 
possibly  due  to  the  fact  that  the  vesicles  In  this  specimen  were 
partially  filled  whereas  the  vesicles  In  specimen  16  were  empty. 

Moduli  of  deformation 

5.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 


and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 


theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Nos.  8,  11,  and  16. 
Stress-strain  curves  are  given  in  plates  1,  2,  and  3.  Specimens  8 and 
16  were  cycled  at  3000  psi.  Specimen  11  was  cycled  at  5000  psi.  Results 


are  given  below. 


Specimen 

Modulus 

psi  X 10^ 

Shear 

Poisson's 

No. 

Young's 

Bulk 

Shear 

Velocity,  fps 

Ratio 

Dynamic 

Tests 

3 

8.2 

6.1 

3.2 

9,140 

0.28 

4 

11.1 

8.7 

4.3 

10,455 

0.29 

8 

8.1 

7.2 

3.1 

8,980 

0.31 

12 

7.9 

5.1 

3.2 

9,185 

0.24 

13 

8.7 

5.2 

3.5 

9,810 

0.22 

14 

7.4 

5.0 

2.9 

8,865 

0.25 

15 

8.0 

9.4 

2,9 

8,675 

0.36 

lb 

3.0 

1.1 

1.4 

6,330 

0.06 

19 

13.5 

9.8 

5.3 

11,515 

0.27 

21 

12.0 

8.6 

4.8 

11,035 

0.27 

Static 

Tests 

8 

7.1 

3.4 

3.1 

0.15 

11 

7.1 

3.8 

3.0 

-- 

0.19 

16 

1.2 

0.6 

0.5 

-- 

0.14 
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of  the  three  speclmene  cycled,  the  one  contelnlng  open  veclclee  exhibited 
coneldereble  hyetereele.  Erretlc  behevlor  of  the  horizontal  atreea-atraln 
curve  for  apeclnen  16  wee  pocalbly  due  to  location  of  the  etraln  gagee 
over  vealclea. 

Cone lualone 

6.  The  core  received  for  testing  from  hole  FZ>CR-ll  was  relatively 
uniform.  Identified  by  Che  field  log  received  with  the  core  as  brownish-gray 
Co  gray  gneiss.  Specimen  Nos.  14  and  16  exhibited  physical  test  results 
somewhat  lower  than  those  exhibited  by  the  remainder  of  Che  core,  possibly 
due  CO  vesicles  and  well-defined  llneatlon  present  In  both  specimens. 

The  remainder  of  the  material  from  this  hole  was  found  to  be  more  com- 
petent, exhibiting  compressive  strengths  ranging  from  10,000  to  23,000  pel. 


Vesicular  Material 
Containing  Well- 
Defined  Planes  of 

Remainder 

Property 

Llneatlon  (2) 

of  Core  (81 

Specific  Gravity 

2.676 

2.867 

Schmidt  Number 

— 

43.8 

Compressive  Strength,  psl 

5,180 

15,570 

Compresslonsl  Wave  Velocity,  fps 
Static  Young's  Modulus,  psl  x 10^ 

12,350 

17,925 

1.2 

7.1 

Al'PEimiX  c 
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DATA  tVOKT 
Role  PZ-GR-23 
19  Roveaber  1969 

Hole  Location:  Marrinaek  County,  Hew  Haapshlre 


Cere 

1.  Ti%e  following  core  waa  received  on  31  October  1969  for  tenting: 
Core  Piece  Ho.  Approxlnate  Depth,  ft 
1 7 


2 

11 

3 

20 

4 

30 

5 

43 

6 

so 

7 

S9 

8 

66 

9 

77 

10 

87 

11 

98 

12 

107 

13 

117 

14 

127 

IS 

138 

16 

146 

17 

157 

18 

167 

19 

176 

20 

188 

21 

190 

22 

200 

Deacrlptlon 

2.  The  aanplea  received  were  relatively  unlforn  In  appearance.  Accord- 
ing to  the  field  log  received  with  the  core,  the  rock  waa  Identified  aa 
light-  to  dark-gray  quarta  nonzonlte.  Speclnen  Hoa.  6,  7,  8,  9,  and  21 
v)ere  Identified  aa  pegnatlte;  Noa.  1,  2,  7,  9,  and  21  contained  fcactnrea. 
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i I 
I ; 


0— lity  — d iMiHoflty  t««t« 

3.  To  dctaralM  varUttoM  within  thn  hole,  •pneitle  gravity, 
Sehaidt  nnabnr,  coaprnaaivn  atrangth,  and  eaapraaaianal  wava  vaioeity 
wtra  dataminad  on  apaciaana  praparad  fraa  rapraaaatatiaa  aaplaa  aa 
givaa  balow: 

Saapla  Cora  Sehaidt  Coap  Coap  Vara 


Ho. 

Oaacription 

Depth 

Sp  Or 

Mo. 

Strg,  pai 

Fal.  fpa 

Cnelasic 

Inclusion 

1 

Critically  Oriantad 
Fracture 

7 

2.681 

49.7 

6,000 

12,875 

Granite  Gneiss 

3 

Itttacit 

20 

2.685 

— 

— 

“ 

PesnaclCic  7 

Cranodlorlte  Gneiss 

Fractured  Pagnatita 

59 

2.597 

37.2 

6,060 

9,oao 

It  l« 

8 

Intact  Pagnatita- 

66 

2.636 

ah. 8 

13,2aO 

11,555 

Granite  Gneiss 

10 

Intact 

87 

2.672 

— 

11,050 

ia,655 

Granite  Gneiss 

11 

Intact 

98 

2.631 

52.8 

13,530 

i2,3ao 

Granite  Gneiss 

17 

Intact 

157 

2.667 

53. a 

11,970 

12,195 

Granite  Gneiss 

19 

Intact 

176 

2.777 

a9.8 

7,760 

ia,510 

Gnelsslc 

Inclusion 

22 

Intact 

200 

2.666 

10,500 

16,3a0 

FTactnrad  Spec inane  (2) 

2.639 

as. a 

6,030 

10,955 

Intact 

Spacinena  (7) 

2.676 

50.2 

ii,3ao 

13,600 

a.  Schaidt  hanaer  taat  waa  not  eondnetad  on  savaral  apeeiaans  dna 


to  poaaibility  of  braakaga.  Spaeiaan  Mo.  3 waa  aecldantally  brokan 
bafora  all  taata  conld  ba  eondnetad.  The  low  eeapraaaira  valoeitiaa 
and  eoapraaaiva  atrangtha  azhibitad  by  thia  aatarial  wera  poaaibly  dna 
to  tha  praaanea  of  vary  larga  eoneantrationa  of  aiea  thronghont  tha  eora. 
Patrographie  work,  to  ba  eondnetad  latar,  will  axMina  thia  poaaibility. 


Ml.:; 


•at 


Modall  of  d«tor— tlo» 


S.  Sapraacntativ*  •paclaea*  t«r«  aelectad  for  dyBMlc  and  atatlc 
■odnlt  of  dcforaatioa  taats.  Th«  dynaalc  aodali  mrm  datcnilMd  bp  th* 
propoaad  ASIM  aatbod  for  deteralnation  of  altraaonie  palac  valocitlaa 
and  alaatie  eonatanta  of  rock.  The  atatle  nodal!  nara  eonputad  fron 
thaory  of  elaatielty  by  uaa  of  atrain  oMaanrananta  takan  fron  alaetrieal 
raalatance  atrain  gagea  afftxad  to  tha  apaclnana,  Moa.  1,  8,  and  17. 
Streaa-atraln  earvaa  ara  glean  In  platca  1,  2,  and  3.  Spaelnana  1,  8, 


and  17  Here  cycled  at  3000  pat.  Raaulta  are  gieen  below. 


Speclnen 

Modnlua,  pal  x 10^ 

Shear 

Poisson's 

No. 

Young’s  Bulk  Shear 

Telocity,  fpa 

Ratio 

Pynanlc  Teat a 


1 

4.6 

3.6 

1.8 

7040 

0.29 

7 

2.1 

1.8 

0.8 

4840 

0.30 

8 

4,3 

2.4 

1.8 

7095 

0.20 

10 

6.0 

4.6 

2.4 

8090 

0.28 

11 

5.2 

2.3 

2.3 

8070 

0.13 

17 

5.3 

1.6 

2.9 

8865 

— * 

19 

6.0 

4.8 

2.3 

7855 

0.29 

22 

7.4 

5.8 

2.9 

8925 

0.29 

Static  Tests 

1 

3.5 

2.7 

1.4 



0.29 

8 

4.8 

2,0 

2.1 



0.11 

17 

5.6 

2.9 

2.3 

-- 

0.18 

* Due  to  the 

unusually 

large  shear  velocity  to 

ratio,  the 

dynamic  Poisson's 

ratio  for  this  specimen 

could  not  be 

accurately  detemlned. 

All  of  the  rock  teated  herein  la  apparently  rather  rigid  material.  Tha 
three  apeclnena  for  which  atatle  nodull  were  detemlned  exhibited  aone 
hyatereala  and,  upon  cycling,  realdual  atrain. 
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Cct  1— 


• . Th«  eon  roeelvod  Cor  toatlef  fre«  hole  PX-CI.>3  woo  relatively 
ealfora  la  aypearaaee.  ideatlCiad  hy  the  etal4  log  reeelveg  with  the 
eere  ea  light-  to  4ark-grey  qeerta  aoeaealte.  Syeclaea  lea.  •,  7,  i, 

9,  aad  21  vere  pegaetite;  Hea.  1,  2,  7,  9.  md  21  eeatalaed  (raetarea. 
Fhyaleal  teat  reaalta  eere  eoaalateatly  lew,  poaalbly  daa  te  the  large 
atea  eaaeeatratleaa  preaaat  la  the  eere.  Iha  fraetored  aaterlal  waa 
wary  iaeoapetaat.  exhlhltlag  aa  average  eeapreaalve  atreagth  of  9330  pal. 
The  intact  reek  eahiblted  only  nerglaal  atvel^[tk  eharaeterlatlca. 


fraetered 

lataet 

Freperty 

Speelaaaa 

Speelaana 

Specific  Gravity 

2.639 

2.676 

Sehaldt  Moaher 

%3.h 

50.2 

Coapreaalve  Streagth,  pal 

6,330 

11,360 

Ceapreaaieaal  Wave  Telocity,  tpa 

10,95S 

13,600 

Static  Toeng'a  Modulea,  pal  x 10” 

3.5 

5.2 
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STRESS-STRAIN  CUHVr 
Unconfined  Co:ipresiilon 
SpeciTp.n:  PS-CI-23-1 
Comp  Slrg:  6000  p«i 


Strain,  nlcroln./ln 


PLAIS  Cl 


strain,  microln./in 


PLATE  C3 


APPENDIX  D 


DATA  REPORT 
Hole  PZ-CR-25 
19  November  1969 

Hole  Locetlon:  Merrimack  County,  New  Hampshire 


Core 

1.  The  following  core  was  received  on  3 November  1969  for  testing: 
Core  Piece  No.  Approximate  Depth,  ft 


1 

5 

2 

12 

3 

21 

4 

31 

5 

41 

6 

52 

7 

64 

8 

72 

9 

75 

10 

85 

11 

88 

12 

91 

13 

102 

14 

114 

15 

122 

16 

131 

17 

140 

18 

150 

19 

160 

20 

170 

21 

180 

22 

189 

23 

198 

Description 

2.  The  samples  received  were  relatively  uniform  in  appearance.  Accord- 
ing to  the  field  log  received  with  the  core,  the  rock  was  identified  as 
muscovite  biotite  granite.  Specimen  Nos.  1 and  2 were  weathered;  specimen 
13  contained  a high-angle  fracture. 
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lualttv  and  uniformity  ta»ti 


3.  To  dotemine  variation*  within  the  hole,  specific  gravity 


Schmidt  nvmber,  compressive  strength,  and  compresslonal  wave  velocity 


were  detetnlned  on  specimens  prepared  from  representative  samples  as 


given  below 


Core  Schm 

Description  Depth  Sp  Gr  No 


Sample 


Weathered 


Weathered 


Intact 


Intact 


(11  Intact  88  2.648  SI. 8 

Muscovite  ( 

'’.ranodlorlte  (i3  Contained  High-  102  2.636  45.3 

( Angle  Fracture 


Intact 


Intact 


Intact 


Average  of  all 
specimens  tested  (10) 


4.  The  material  from  this  hole  exhibited  comparatively  low  physical 


test  results  for  a dense  Intact  rock.  To  verify  the  velocity  measurements 


two  pieces  of  test  equipment  were  used  on  the  samples  tested  herein 


S.  PrcUBlnarr  petrographic  axaalaattoB  Indicated  that  the 
awaeovlte  blotlte  granite  waa  eonpoaed  of  up  to  SO  percent  nice.  If 
conflmed  hy  norc  extenalve  analyala,  this  could  possibly  explain  tka 
lost  velocities  and  uniaxial  conpresslve  strengths. 

Moduli  of  defomatlon 


6.  Kepresentatlve  apeclnens  were  selected  for  dynanlc  and  static 
Dodull  of  dafomstlon  tests.  The  dynanlc  nodull  ware  detemined  by  the 
proposed  ASIM  nethod  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  nodull  ware  computed  from 
theory  of  elasticity  by  use  of  strain  neasuresmtnts  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Vos.  2,  13,  and  21. 
Stress-strain  curves  arc  given  in  plates  1,  2,  aid  3.  Specimens  2 and 
21  were  cycled  at  5000  pal.  Specimen  13  was  cycled  at  6000  psl.  Results 
are  given  below. 


Specimen 

No. 

Modulus 
Young ' s 

psi  X 
Bulk 

10° 

Shear 

Shear 

Velocity,  fps 

Poisson's 

Ratio 

1 

3.8 

Pyo— 

2.4 

lie  Teata 
1.5 

6525 

0.24 

2 

3.0 

1-h 

1.3 

6115 

0.13 

5 

2.2 

1.1 

0.9 

5155 

0.16 

8 

2.0 

1.0 

0.9 

4910 

0.16 

11 

2.5 

0.8 

1.3 

5985 

* 

13 

3.2 

1.8 

1.3 

6140 

0.20 

IS 

3.7 

2.0 

1.6 

6655 

0.19 

18 

2.8 

1.2 

1.2 

5900 

0.11 

21 

2.8 

1.1 

1.3 

6105 

0.07 

23 

3.5 

1.5 

1.6 

6670 

0.11 

(Continued) 


* Due  to  the  unusually  large  shear  velocity  to  compressive  velocity 
ratio,  the  dynamic  Poisson's  ratio  for  this  speelsan  could  not  be 
accurately  determined. 
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e rv) 


2 

13 

21 


2.9 

3.H 

«.5 


Static  TMt> 


0.28 

0.12 

0.20 


2.2  1.1 

l.S  l.S 

2.3  1.9 

All  or  tko  core  tootod  horoln  io  apporMtly  rathar  brittla  aatarlal, 
oxhtbltlng  aoM  Iqrataraals  and  raaidual  atrain.  Tba  arratlc  babavlor 
of  tha  atraaa»Btraln  eurvaa  for  apoelnan  13  waa  poaaibly  dna  to 
vnrtieal  atrain  roliaf  canaed  by  alippaga  along  fraeturoa. 

Coocloaiona 

7.  Tha  corn  racaivad  for  tcating  fron  ho la  PZ-CB-25  waa  idantifiad 
by  the  fiald  log  racaivad  with  the  eoro  aa  nuacovito  biotita  granite. 
Spocinan  Moa.  1 and  2 ware  weatharod;  He.  13  eontainad  a high-angla 
fracture.  Phyaical  teat  reaulta  for  thia  natarial  were  relatively 
unifom  but  Ioh  poaaibly  due  to  the  unuaually  large  nica  content 
indicated  by  prellninary  petrographic  analyaia.  Ohlaxlal  conpraaaiva 
atrengtha  ranged  fron  9000  to  15,000  pai. 

Average  of  All 


Property  Spaclnena 

Specific  Qravlty  2. See 
Schnidt  Hunhor  HA. 5 
Conpreaaive  Strength,  pai  12,130 
Conpraaaienal  Wave  Telocity,  fpa  9,3AS 
Static  Yonng'a  Modnlua,  pai  x 10*  3.6 


i 


Stress,  psi 


STP.ESS-STKAIK  CU  !'/E 
Uncontine:!  Compress  Ion 
Specimen:  PZ-CR~2S-2 
Comp  Strg:  9610  pal 


<t000 


Strain,  microln./ln 


:^in« 
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STRESS-STHAIN  CURVE  ■ I;::; 

Unconf  ined  Co:n|>res!<lon  j ' “["nt  t'!!j  ; T 
Specisftn:  re-CR-25-13  iUi|[iji 


t;  • Jjif  ^ 'lh~  HiHiiii  B*  Si 

i:  tjfl^  j;;i  ^ {:•! 

p M fr  ft  iul  itfe 

1 1 ^ M -Bi  ^ nl|  IBt  ili;'  ^ ^ 

III'  ilB 

wiiiiiilHii 
^ IH;  ||  p 'pi ii  P p P 

'Hiiiiiiiiii 


Strain,  mlcroln./ln. 


PLATE  D2 


STRSSSt  pal 


STRESS-STRAIN  CURVE 
Unconflnad  Coapraaalon 
Specimen:  PZ-CR-25-21 

Cenp  Strg:  15,450  pal 


SOOOO 


20000 


15000 


10000 


STRAIN,  nioroiiy^ln 


PIATE  D3 


APPENDIX  E 


DATA  REPORT 
MoI«  PZ-CR-34 
lA  Mowabcr  1969 

Rola  LecAtloo:  Selkup  Coontjr,  Mew  Hupahirc 

Core 

1.  The  follewlBR  core  wee  received  oe  20  October  1969  for  tutlng: 
Core  Piece  So.  Approxlute  Depth,  ft 


1 

10 

2 

18 

3 

28 

A 

37 

S 

A6 

6 

58 

7 

65 

8 

7A 

9 

83 

10 

87 

11 

90 

12 

101 

13 

110 

lA 

118 

IS 

129 

16 

137 

17 

139 

18 

lAl 

19 

155 

20 

160 

21 

165 

22 

169 

23 

179 

2A 

190 

2S 

199 

Deecrtpttow 

2.  The  eeeplee  received  were  quite  variable  la  appearance.  Accord* 
Ing  to  the  field  log  received  with  the  cere,  the  rock  waa  Idantlfled  aa 
grap  to  light-gray  quarts  dlorlta.  Speclun  Moa.  1,  2,  3,  10,  and  18 
contalnad  fraeturea.  Speclun  Moa.  A.  S,  7,  8,  16,  and  18  contained 
pegutlte  dike  uterlal.  Three  apeclaens  were  banded.  Speclun  Moa.  1, 
2,  and  3 appured  alight ly  uathered. 


t 


0— itty  m4  — ltor«tty  t— f 

S.  T»  dtttanlw  vMTlatloai  within  thn  hole,  •pnclfie  grawtty. 
Schnldt  nnnfenr,  coaprnMtvn  •trnagth,  and  coaprasaloMl  wave  velocity 


ware  detenilned  on  apeelaena  prepared  fren  repreaentatlve  aanplea  aa 
given  helow: 


Sanple 

■e. 

Deacription 

Core 

Depth 

Schnidt 
Sp  Gr  go. 

Oonp 

8trg,  pel 

Coap  Waw 
Pal.  *PO 

Mica 

Schist 

3 

Slightly  Weathered 

28 

2.687 

50.9 

19,120 

17,165 

Band 

Mica 

Schlat 

h 

Contained  Pegnatite  Biha 

37 

2.650 

37.7 

23,030 

10,605 

Contained 

Mica 

Schist 

7 

Pegnatite  Pegp<atite  Band 

6S 

2.680 

*8.1 

18,*50 

13,290 

Mica 

Gneiss 

9 

Pine  Grained 

83 

2.71* 

— 

21,770 

1*,96S 

Baaalttc 

10 

Oentained  Haaled, 

87 

2.898 

*7.5 

7,360 

19,660 

Material 

Critics I -Angle  Practnre 

Mica 

Schist 

11 

Coarse  Grained 

90 

2.722 

*5.0 

17,760 

15,0*5 

Mica 

Schist 

Ih 

Coarae  Grainsd 

118 

2.683 

**.8 

13,090 

13,0*5 

Mica 

Schist 

IS 

landed 

129 

2.828 

*3.7 

12,320 

12,360 

Band 

Mica 

Schist 

18 

Contained  Pegnatite  Bike 

Itl 

2.725 

39.7 

1*,SS0 

1*,500 

Mica 

Gneiss 

21 

Pine  Grained 

165 

2.82* 

*3.6 

11,6*0 

15,885 

Mica 

Schist 

2S 

Coarae  Grained 

199 

2.766 

*5.3 

16.880 

16,735 

Specinana  Containing  Pegnatite  (3) 

2.672 

*1.8 

18,680 

12,800 

Speeinen  Containing  Healed,  Critical- 

2.898 

*7.5 

7,360 

19.660 

Angle  Fracture  (1) 

Renainder  of  Specinana  (7) 

2.7*6 

*5.6 

16,080 

15,030 

The  Schnldt  hannar  test  ens  not  conducted  on  one  specinan  due 

to  poaai- 

blllty  of  breakage.  Alao,  the  above  Schnldt  valnea  ahenld  he  eenaldered 
with  eantlon  alnee  woat  core  anrfaeea  were  very  Irregnlar,  rendering  teat 
reanlta  aowawhat  gueatienable. 
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rhyalMl  t««t  rMSIta  wMMM  tlila  utartal  nara 
varlakla,  poaatblr  daa  ta  tha  larga  aariatlaa  la  grata  ataa,  dagraa  aC 
*watlMrlag,  aad  eaapaaltlaa  at  tba  cara. 

Madalt  ag  dataraafttea 

S.  Rapraaaatatiaa  apactaaaa  vara  aalaetad  far  atatlc  aadalt  af 
dafanMtloa  taata.  At  tha  raqaaat  at  Ik'.  Paal  Kraft  at  Kaa  O’brtaa 
and  Aaaeclataa,  dpaaalc  aadalt  wara  datarataad  aa  all  apaetaana  taatad. 
Tha  djmaate  aadalt  ware  daUrataad  bjr  tha  prapoaad  A8W  aathad  far  datar- 
atnattea  af  altraaonte  palaa  aalactttaa  aad  alaattc  eenatanta  of  rock. 

Tha  atattc  aadalt  aara  eoapatad  tram  thaory  af  alaattettp  by  naa  of 
atrata  aaaaaraaaata  takaa  froa  alaetrteal  raatataaea  atrata  gagaa  afftzad 


to  tha  apactaaaa,  Mea. 

10,  21; 

, aad  25. 

Straaa-atratn  carvaa  are  glean 

platca  1,  2, 

and  3.  Spaclaen 

25  waa  cycled  at  10,000  pat; 

apectaen  21 

«ns  cycled  at 

: 5000  pal. 

Baanlta  ara  glean  below. 

Spactaaa 

Nodalaa.  pat 

X 10* 

Shear 

Totaaea'i 

Ho. 

Toaaa'a 

talk 

Shear 

▼aloelty,  fpa 

Katlo 

Dyaaate  Taata 

3 

7.7 

6.7 

3.0 

9,020 

0.31 

h 

3.7 

2.0 

1.6 

6,585 

0.19 

7 

5.3 

3.A 

2.1 

7,755 

0.2A 

9 

7.0 

A.A 

2.9 

8,815 

0.23 

10 

lb. 6 

6.3 

6.6 

12,960 

0.12 

11 

7.3 

A.3 

3.0 

9,080 

0.21 

lA 

5.5 

3.1 

2.3 

7,925 

0.21 

15 

5.0 

2.6 

2.1 

7,755 

0.18 

18 

6.7 

l.A 

A.  7 

11,350 

— * 

21 

8.1 

5,3 

3.2 

9,225 

0.25 

25 

10.  A 

3.7 

5.0 

11,6A0 

(Ccattaaad) 


* Daa  to  tha  aaaaaally  larga  ahaar  aaloetty  ta  eaapraaataa  valoetty 
ratto,  Potaaon'a  ratto  for  thaaa  apactaaaa  eoald  aat  ba  dateratnad. 
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Spaclnaa 

■a. 

Modnlwa 

Tomg'a 

. pal  X 

*iar~ 

10^ 

Shaar 

Taloelty,  fpa 

Poisson's 

latlo 

10 

»,9 

static  Testa 
5.3  3.6 

0.22 

21 

5.3 

2.2 

2.A 

•a» 

0.09 

25 

7.k 

5.7 

3.0 

— 

0.28 

All  of  tho  rock  tootod  korolo  la  apparontly  rathar  rigid  utorlal. 

•xhlbltlBg  alight  hpataroala.  Open  epeltng,  aoaa  realdoal  atrala  waa 
dataetad. 

CcBClualoaa 

6.  Ika  eora  racaload  trea  kola  PZ-CS-M  waa  galta  warlabla, 

Idantlflad  kp  tha  eora  log  aa  gray  to  llght>gray  guartz  dlorlta.  Tha 
apaclaaaa  taatad  azklbltad  a rathar  «ddc  ranga  of  phyaleal  taat  raaalta, 
poaalbly  doa  to  tha  larga  variation  In  grain  alaa,  dagraa  of  waatharlng, 
and  eoapoaltlon  of  tha  eora.  One  apaelaan  eontalnlng  a erltleally  orlantad 
fraetara  fallad  along  thla  fraetura  at  a atraaa  of  7360  pal.  Tka  apaelnaaa 
containing  pagnatlta  dike  notarial  ware  allghtly  dlffarant  fren  the  ranalndar 
of  tha  core. 


Property 

Critically 

Practnred 

Spaclnaa 

Spaelnana 

Containing 

Pagnatlta 

Konalndar 

of 

Spaclnans 

Specific  Gravity 

2.898 

2.672 

2. 786 

Seksildt  Knnbar 

A7.5 

hi. 8 

85.6 

Canprasslvi  Strength,  pal 

7,360 

18,680 

16,080 

Conprasslonal  Wave  Telocity,  fpa 

19,660 

12,800 

15,030 

Static  Toong’s  Modnlna,  pal  > 10~* 

8.9 

— 

6.8 

STKESS-S'I'RAIN  CIJIiVE  I 
llnconflnfid  Co'apresslon  j* 
Specirivn;  P^GS-34-lOj 
Conj>  Strf;;  7360  pat 


Strain,  microln./ln 


STRIiiSS'^  pfti 


SmsS-STRAIM  CUBVB 
U*conftn«d  CoapTMaioB 
SpaciMii:  PZ-CS-3%-2S 

Coap  Strg:  16,880  pal 


soooo 


25000 


20000 


15000 


10000 


STRA.IK,  microltv^i; 


APPENDIX  F 


DATA  RBFOKT 
HoU  PZ-Ct-36 
21  November  1969 

Hole  Locetlon:  Belknep  County,  New  Hempshlre 

Longitude:  71°  20'  14.3"  Weet 

Latitude:  43°  31'  37.0"  North 


Core 


1.  The  following  core  wee  received  on  20  October  1969  for  testing: 


Core  Piece  No. 


Approximate  Depth,  ft 


1 

10 

2 

12 

3 

20 

4 

30 

5 

40 

6 

48 

7 

56 

8 

61 

9 

69 

10 

79 

11 

89 

12 

101 

13 

108 

14 

119 

15 

130 

16 

140 

17 

148 

18 

158 

19 

170 

20 

179 

21 

188 

Description 

2.  The  samples  received  were  somewhat  variable  in  appearance.  Accord- 
ing to  the  field  log  received  with  Che  core,  the  rock  was  identified  as 
granite,  and  conglomerate-breccia  mosaic  In  a granitic  matrix.  Specimen 
Nos.  3,  S,  7,  8,  9,  14,  18,  20,  and  21  contained  fractures;  Nos.  1,  2,  3,  4, 
17,  18,  19,  20,  and  21  contained  conglomerate-fragment  material. 
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Quality  •nd  iiniformltv  te«tt 

3.  To  deceimine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  compresslonal  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below; 


Sample 

No, 

Description 

Core 

Depth 

Sp  Gr 

Schmidt 

No. 

Comp 

Strg.  pel 

Comp  Wave 
Vel,  fps 

1 Black  and  White  2 

Tons  lice 

1 

Intact,  Fvagnent 
Materiel- 

12 

2.768 

— 

26,210 

15,865 

1 

( A 
( 

( 

' ( 5 

( 

( 

( 6 
( 

( 

Fine-Grained  ( 9 

Daclte  ( 

1 

\ ( 

' ( 

(15 

> ( 

( 

(18 

< ( 

( 

(20 

( 

MatriK-and- Frag- 
nentss  Intact 

30 

2.673 

56.0 

34,700 

16,660 

MatrlK-Materlali 

Severely  Fractured 

40 

2.593 

49.6 

9,640 

14,810 

Matrix- Materlali 
Intact 

48 

2.606 

50.8 

37,880 

15,365 

Metrix-Materlal , 

Fractured 

69 

2.609 

57.8 

25,000 

14,200 

Matrlx-Materla-l , 

Intact 

101 

2.611 

54.2 

43,180 

15,005 

Matrix-Meterlal , 

Intact 

130 

2.609 

58.1 

40,910 

12,370 

Matrix-and-Fray- 
ments.  Fractured 

158 

2.672 

53.3 

37,880 

13,080 

Matrix- and- Frag- 
ments-; Fractured 

179 

2.652 

52.9 

39.090 

1^.265 

Severely  Fractured  Specimen 
(1) 

2.593 

49.6 

9,640 

14,810 

Fractured  Specimens  (3) 

2.644 

54.7 

33,990 

13,850 

Intact 

Specimens  (5) 

2.653 

54.8 

36,580 

15,055 

llU 


J 


3 

j 

Moduli  of  d€fotwttgn 

4.  RepraiantBtive  apaclmena  were  selected  for  dynamic  and  static 
moduli  of  deformation  teats.  The  dynamic  moduli  were  determined  by  the 


proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 


and  elastic 

constants  of 

rock. 

The  static 

moduli  were  computed  from 

theory  of  elasticity  by  use  of 

strain  measurements  taken  from 

electrical 

resistance 

strain  gages 

affixed 

to  the  specimens.  Nos.  2,  10, 

and  17. 

Stress-strain  curves  are 

given 

In  plates  1 

2,  and  3,  Specimens  10  and 

i 

1 17  were  cycled  at  10,000 

pel. 

Kesults  are 

given  below. 

Specimen 

Modulus 

. DSl  X 

10^ 

Shear 

Poisson's 

No. 

Youns's 

Bulk 

Shear 

Velocity,  foe 

Ratio 

Dynamic  Tests 

7. 

7.1 

5.7 

2.7 

8565 

0.29 

4 

7.3 

6.3 

2.8 

8805 

0.31 

5 

6.8 

4.0 

2.8 

8935 

0.21 

f> 

6.9 

4.6 

2.8 

8865 

0.25 

9 

6.0 

3.8 

2.4 

8315 

0.24 

12 

6.7 

4.4 

2,7 

8730 

0.24 

! lb 

5.2 

2.2 

2.4 

8225 

0.10 

j 18 

5.5 

3.1 

2.3 

8000 

0.20 

' 20 

6.4 

3.8 

2,6 

8535 

0.22 

• 

Static  Tests 

2 

8.1 

4.5 

3.3 

.. 

0.20 

1 12 

8.5 

4.7 

3.5 

— 

0.20 

18 

9.4 

5.7 

3.9 

— 

0,22 

The  rock  tested  herein  is  apparently  a rather  brittle  material,  exhibiting  i i 


some  hysteresis  and  residual  strain. 


Conclmlont 


S,  Th«  core  received  for  testing  fron  hole  PZ-CR-36  wee  rether 
vsriable  In  appearance.  Identified  by  the  field  log  received  with  the 
core  as  granite  and  conglomerate-breccia  mosaic  In  a granitic  matrix. 
Specimen  Nos.  3,  5,  7,  8,  9,  14,  18,  20,  and  21  contained  fractures, 
most  of  which  were  tightly  closed.  With  the  exception  of  specimen  Mo.  5, 
the  only  severely  fractured  specimen,  the  material  from  this  hole  appeared 
to  be  very  competent,  ranging  In  uniaxial  compressive  strength  from 
23,000  to  43,000  psl.  Generally,  slight  to  moderate  fracturing  appeared 
to  have  little  effect  on  physical  test  results.  However,  the  previously 
mentioned  severely  fractured  specimen  was  quite  weak,  exhibiting  an 


ultimate  strength  of  9640  psl. 
Prooertv 

Severely 

Fractured 

Specimen 

Fractured 

Specimens 

Intact 

Specimet 

Specific  Gravity 

2.593 

2.644 

2.653 

Schmidt  Number 

49.6 

54.7 

54.8 

Compressive  Strength,  psl 

9,640 

33,990 

36,580 

Coinpresslonal  Wave  Velocity,  fps. 

14,810 

13,850 

15,055 

Static  Young's  Modulus,  psl  x 10° 

-- 

9.4 

8.3 

116 


STI<K:’.3-S'li:AfN  . li-'V)., 
DiicoriT  irii'il  ro'ipr.'sai  o:; 

?Z>CR>36-2 

C'.'Mp  S*r5*:  26,210  pal 


Strsfn,  nioroin./in 
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strain,  raicroin./in 


SfRt^S-  STRAIN  C.'RVr: 
lIncunlIncJ  Comprc-Mtion 
Svccii  len ; K«GK-M*ll 
Cur.111  Str|^:37,8S0  pal 


Strain,  mlcroln./in 
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Approved  for  Public  Release;  Distribution  Unlimited 


ive  prior 


ia.  ■eONBORINa  MtLITAnv  activity 


Space  and  Missile  Systems  Organization 
U.  S.  Air  Force  Systems  Command 


Laboratory  tests  were  conducted  on  rock  core  sanples  received  from  six  core  holes  in 
the  Pease  study  area  of  Belknap,  Cheshire,  Grafton,  and  Merrimack  Counties  in  New 
Hampshire.  Results  were  used  to  determine  the  quality  and  uniformity  of  the  rock  to 
depths  of  200  feet  belcw  ground  surface.  The  rock  core  was  petrographlcally  identified 
as  predominately  mica  gneiss,  mica  schist,  dacite,  granite  gneiss,  and  muscovite  grano- 
dlorite,  with  relatively  minor  quantities  of  tonallte,  granodiorite  gneiss,  and 
basaltic  material.  Evaluation  of  the  Pease  study  area  core  on  a hole-to-hole  basis 
indicates  the  moderately  fractured  and  Intact  dacite  removed  from  Hole  PZ-CR-36  to  be 
very  cca^etent  rock.  The  highly  fractured  core,  removed  at  depths  of  Uo  feet  or  less 
tielow  ground  surface,  was  marginal  in  quality.  Generally,  this  hole  yielded  material 
representative  of  ccmpetent,  hard  rock  media.  The  remainder  of  the  holes  from  this 
area,  i.e.,  PZ-CR-2,  -11,  -23,  -25,  and  -3**,  generally  yielded  rock  core  exhibiting 
physical  properties  characteristic  of  marginal  to  barely  ccmpetent  material.  ^TETes  ' 
PZ-CR-11,  -23,  and  -^U  yielded  inconpetent  core  from  depths  greater  than  50  f^t  below 
ground  surface,  dictating  classification  of  the  core  as  unsuitable  as  compet/Hit 
media.  Holes  PZ-^-2  and  -25  yielded  significant  quantities  of  rook  of  marginal 
quality,  but,  dependent  on  results  of  possjile-iuxiJjer  Investigation,  troUld  offer  some 
possibility  as  competent  hard  rock  media.^^e  above  evaluations  and  conclusions  have 
been  based  on  somewhat  limited  data;  therefore,  more  extensive  investigation  will  be 
required  in  order  to  accurately  assess  the  individual  areas  under  consideration. 


MM  4 M M^A«M  M 9 


FOUR*  ««?•.  1 JAM  M,  MMICM  I 
• AMMT  UAB, 


Unclassified 


